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ABSOBACT 


The  work  reported  vas  carried  out  to  evalviate  the  limits  of  utility 
of  commercial  poxir  point  depressants  and  viscosity  index  improvers  with 
mineral  oils,  to  determine  the  essential  structural  features  of  a pour 
point  depressant,  and  to  extend  ;^resent  knowledge  of  the  mechanism  of 
pour  point  depression. 

The  thixotrojy  exhibited  Penn^lvania  I50  Neutral  oil  below  its 
pour  point,  studied  with  rotational  concentric  cylinder  viscometers,  was 
resolved  into  two  processes  occurring  simultaneously;  a degeneration  of 
the  rigid  structure,  predominantly  observed  at  low  rates  of  shear  and 
occurring  very  rapidly  at  high  rates  of  shear  and  a reversible  apparent 
thixotrory  occurring  at  high  rates  of  shear  that  is  lar^ly  attributable 
to  frictional  heating  effects. 

The  occ\irrence  of  the  pour  point  in  wax  bearing  mineral  oils  is 
considered  due  to  the  formation  of  a rigid  network  by  the  solid  crystalline 
components.  On  shearing  these  systems  the  apparent  viscosity  decreases  to 
a minimum  as  a regular  function  of  the  work  of  shearing.  The  structural 
requirements  of  poxir  point  depressants  as  fixed  by  stiidies  of  acrylic 
polymers  are  indicated  to  be  an  alkyl  side  chain  length  of  at  least  12  carbons 
and  a degree  of  polymerization  commensurate  with  suitable  over-all  piysical 
properties.  On  this  basis,  polyhexadecylene  phthalate  was  prepared  capable 
of  lowering  the  pour  point  of  an  untreated  MIL-L-b082A  AN-O-S  1100  Grade 
oil  30°!'. 

Light  microscopical  and  x-ray  diffraction  studies  of  the  action  of 
additives  on  blends  of  synthetic  n-paraffin  waxes  in  devm;ed  oil  support  the 
thesis  that  pour  point  depressants  do  not  enter  the  crystal  lattice'but  act  by 
means  of  a surface  phenomenon. 

Review  of  the  previously  reported  survey  of  835  literature  and  patent 
references,  as  well  as  the  evaluation  of  commercial  additives  is  given. 
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Lm  TEIffERATURE  LUBRICATIMG  OIL  ADDITIVES 


I.  INTRODUCTION 


The  problem  of  prodvicing  a lubricant  which  flews  at  an  ambient 
temperatxrre  of  -65®  F and  has  sufficient  viscosity  for  liibrication  at  air- 
craft engine  working  temperatures  has  becane  increasingly  acute  with  the 
expansion  of  military  odd-weather  plans.  The  present  project  was  inaugu- 
rated as  part  of  an  over-all  program  for  the  development  of  the  materials 
needed.  The  established  objective  was  the  evaluation  of  the  limits  of 
utility  of  potir  point  depressants  and/or  viscosity  index  improvers  with 
mineral  oils,  the  informatian  acqdred  to  be  used  if  so  warranted  in  the 
synthesis  of  new  additives,  permitting  the  use  of  mineral  oils  under  the 
specified  field  conditions* 

At  the  incepticai  of  this  project,  there  was  little  or  no  colligated 
fundamental  information  characterizing  the  additives,  the  rheological  pro- 
perties of  the  oils  at  low  temperature,  or  the  effect  of  the  additives  on 
those  properties. 

Ccxisequently  initial  work  was  concerned  with  thorough  review  and 
summary  of  literature  and  patent  references  organized  in  accordance  with 
their  bearing  on  the  general  topics  of  interest.  A program  was  conducted 
for  the  analysis  of  commercially  available  additives  and  testing  their 
effectiveness  in  straight  run  Pennsylvania  and  Mid-Continent  oils.  Cn  the 
basis  of  exploratory  studies, priorities  were  established  for  the  various 
phases  of  the  over-all  problems  in  order  to  concentrate  the  effort.  The 
plan  developed  called  for  a study  of  rheological  prq^erties  of  lubricating 
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oil  in  the  thixotropic  region  on  an  absolute  basis  and  the  determination 
of  the  essential  structural  features  of  pour  point  depressants®  These 
two  units  were  to  be  coordinated  in  an  interpretation  of  the  mechanism 


of  the  pour  point  depressing  process. 


II.  LITERATURE  SURVEY 


The  following  secondary  references  were  used  in  assembling  the 
biblio^ap^  of  literature  and  patents  relating  to  this  project: 

Chemical  Abstracts  1926  to  19i;9  inclusive 

Engineering  Index  1930  to  19U9  inclusive 

Industrial  Arts  1930  to  19l|9  inclusive 

The  survey^^^  is  divided  into  three  chapters  relating  to  references  of 
theoretical  interest,  synthesis  of  additives,  and  miscellaneous  subjects. 
Sections  and  subsections  relate  to  the  particvdar  field  of  application. 
Within  each  section  references  are  listed  alphabetically  according  to 
author.  No  attempt  will  be  made  to  re-review  in  detail  the  references 
reported  but  rather  to  call  attention  to  highlights. 

A.  Pour  Point  Depression 

Classificati(»i  of  pour  point  depressants  with  regard  to  molecular 
structure  has  been  made  as  follows: 

1.  Aliphatic-arcmatic  c<aidensation  products  - products  of 
Friedel-Crafts  ccaidensation  of  aromatic  compounds  with  chlorinated 
aliphatics. 


2.  Ccaidensed  olefins  - halogen  and  sulfur  treated  isobutene 

polymers. 
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3.  Esters  and  others  - fatty  acid  esters  of  lignin,  cellulose, 
glycerol,  sorbitol,  mannitol,  phaiol  and  polyhydric  phenolj  alkyl  ethers 
and  esters  of  phthaleins  and  sulfcnphthaleins)  esters  cf  high  molectilar 
weight  alcohols  with  aromatics  and  all^l  aromatics;  condensation  products 
of  mono-  and  polyhydric  alcohols  with  aromatics;  polyesters)  and  metal 
salts  of  such  ether  acids  as  wax  ]^enoxy  benzoic  acid* 

U>  Amines  and  amides  - fatty  acid  amides  and  long  chained 


amines* 


5*  Ketones  and  aldehydes  - products  of  Priedel-Crafts  reactions 
of  acyl  halides  with  petroleum  oils  and  aromatics,  haloketmes  with  aro- 
matics, ket«ies  with  halides  and  autocondensatiori  of  ketones  and  aldehydes® 

6«  Cit*gani2aet2.llle  ccapounda  «=■  aetal  salts  of  fat-ty  such 

as  aluminum  stearate,  metal  xanthates,  bivalent  metal  sulfonates  and  nietal 
salts  of  fatty  acid  substituted  phenola* 

7*  Oxidation  and  hydrogenation  products  •»  oxidized  paraffins  and 
hydrogenated  castor  oil* 

b.  Polymers  - acrylic  polymers,  rubber  and  polyisobutylene  deriva- 
tives and  polymers  containing  pyrrolidinedione  nuclei* 

9*  Sulfur  and  phosphorous  reaction  products  ~ sulfides  and  poly- 
sulfides, sulfurized  natviral  fats  and  waxes  and  phosphorous  sulfide  reaction 
products  such  as  dithipphosphoric  acids* 

The  outstanding  characteristic  of  the  list  is  the  structural  diversity  of 
materials  effective  as  pour  point  depressants*  The  only  consistent  feature 
is  a 'long-chained  alkyl  group  sometimes  occurring  singly  but  ordinarily  in 
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multiples.  Information  regarding  the  arrangement  of  these  groups  is  very- 
limited.  Of  the  291  references  to  the  synthesis  of  pour  point  depressants 
110  are  devoted  materials  of  classification  1,  These  are  principally  patents 
describing  the  preparation  of  such  additives  as  Paraflcw,  Santopour  and 
Pourex.  For  these  cases  s"tructure  evaluation  is  impractical  since  under 
Friedel-Crafts  reaction  condi-bions  a variety  of  condensations  and  re- 
arrangements can  and  do  occur*  The  acrylic  polymers#  fcr  ins-tance,  Acryloid 
1$0)  offered  one  of  the  few  examples  in  which  consistent  variations  might 
be  checked.  As  addition  polymers  they  consist  of  simply  defined  recurring 
monomer  units. 

studies  of  the  mechanism  of  pour  point  depression  were  limited 
to  efforts  by  Erk^^^,  by  Bondi^^^,  and  by  Zimmeri  Davis,  and  Frohlich^^^. 
Ideas  by  these  men  as  "bo  the  nature  of  -the  wax-oil  gel  gi-ving  rise  to  high 
pour  points  and  the  action  of  additives  on  the  gel  are  based  largely  cm 
quali-tative  observation.  However,  the  consensus  is  that  -the  wax  canpcnent 
of  a wax  bearing  oil  ordinarily  crystallizes  in  a continuous  hcneyccmb 
structure  which  prevents  flow  by  trapping  the  liquid  phase.  The  additive 
is  considered  to  render  the  wax  incapable  of  forming  the  continuous 
structure. 

B.  Viscosity  Index  Bntprovement 

The  classes  of  ccn5)Ounds  effective  as  viscosity  index  improvers 
correspcaids  to  those  listed  for  povir  point  depressants.  Indeed  seme 
materials  serve  effectively  as  both.  Viscosity  index  Imprcvers  are  indi- 
cated to  be  high  molecular  weight  compounds  of  the  order  of  10,000  or  more. 
Those  pour  point  depressants  in  this  molecular  weight  range  appear  capable 
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of  fvmctioning  as  viscosity  index  improvers. 

The  bulk  of  the  ivork  on  the  study  of  the  mechanism  of  the  action 
of  viscosity  index  improvers  has  been  concentrated  on  finding  a correlation 
between  chemical  structures  of  the  additives  and  their  actions.  In  general, 
it  is  believed  that  the  thread-like  high  polymers#  those  rath  straight  long 
paraffinic  chains,  impart  to  their  solutions  a high  viscosity  index.  Re- 
peatedly substantiated  studies  have  revealed  that  the  follwing  are  prefer- 
entially effective  groups t 

1.  Long  paraffinic  chains  rather  than  several  short  chains  with 
an  equal  number  of  carbcai  atoms . 

2.  Straight  chains  rather  than  branched  ctelns. 

3.  Chains  rather  tl^n  cyclic  groups  » 

U.  Cyclic  groins  at  the  ends  of  chains  rather  than  at  the  centers. 
On  the  other  hand,  viscosity  index  improving  properties  are  unaffected  by 
the  positions  of  the  chains  on  the  nuclei  and  by  unsaturation  in  the  side 
chains. 

III.  COIPTERCIAL  ADDITIVES 

A.  Determination  of  Additive  Properties 

As.  an  initial  phase  of  experimentation  an  evaluation  of  the  pour 
point  depressing  and  viscosity  index  improving  properties  of  commercial 
additives  was  made.  Acryloids  l5o,  710,  722,  and  HF-600,  Paraflows  I46X 
and  PDX,  Paratone,  Pourex,  Santopour,  Santopours  B and  C,  Santolube  203A, 
Santodex,  high  and  low  molecular  weight  polybutenes  and  vinyl  ether  resin 
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were  tested  in  Pennsylvania  and  JiLd-Continent  bright  stocks  and  1^0  viscosity 
neutral  oilsj  Pennsylvania*  Mineral  Seal  oil,  Mid-Continent  Cadet  Z oil  and 


in  blends  of  two  per  cent  Md-Continent  paraffin  match  wax. 


one  per  cent 


MicMontinent  microcrystalline  wax  and  one  per  cent  of  each  of  the  two 


waxes  with  a semi-refined  Mid-Continent  white  oil.  Rroducers  of  the 


additives  are  listed  in  Table  1.  Specifications  for  the  base  stocks  and 
the  waxes  appear  in  Table  2.  ASTM  procedures  D97-it7  and  0567*^1  were  used 
for  all  pour  point  and  viscosity  index  deteimiinationa* 


1.  Pour  Point  Depression 


Tables  3 to  11  summarize  the  results  of  the  pour  point  deter- 
minations evaluating  the  depressant  actions  of  the  commercial  additives 
which  are  tabulated  in  Tables  39  to  17U  of  Appendix  A*  Pour  points  are 
the  minima  obtained  while  additive  concentrations  are  those  which  yield 


the  maximtum  depressions.  A pour  point  range  of  ten  degrees  is  given  since 
the  procedure,  subject  to  an  experimental  error  of  j;  F,  does  not  dis- 
tinguish among  depressants  which  are  effective  in  producing  pour  points 
within  that  range.  In  those  cases  where  more  tten  one  concentration  of  an 
additive  yields  the  minimum  pour  point,  a concentration  range  is  cited. 

In  general,  no  one  depressant  was  more  active  than  others.  Of 
the  oils  used  as  base  stocks,  only  the  150  Neutrals  were  acted  upc«  by 
small  concentrations  of  additives,  while  relatively  high  concentrations 
of  depressants  were  needed  to  depress  the  pour  points  of  Mineral  seal  and 
Cadet  Z oils  and  the  synthetic  blends.  The  latter  group  are  light  oils 
containing  large  percentages  of  wax.  Of  special  interest  is  the  inability 
of  any  of  the  depressants  to  markedly  depress  the  pour  points  of  the  bright 
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Table  1 

MANUFACTURERS  OF  COMMERCIAL  ADDinVES 


Additive 
Aciyloid  ISO 
Acryloid  HF  600 
Acryloid  710 
Acryloid  722 
Paratone 
Paraf low  U6X 
Paraf  low  H)X 
Pourex 

Santolube  203-A 
Santolube  205 
Santolube  570X1^ 
Santolube  39UG 
Santopour  B 
Santopour  C 
Santodex 

High  Molecular  Weight 
Polybutene 

Low  Molecular  Weight 
Polybutene 

Vinyl  Ether  Resin 


Maxiufacturer 
P-oha  and  Ha^s 
Rohm  and  Haas 
Rohm  and  Haas 
Rohm  and  Haas 

Standard  Oil  Compary  of  New  Jersey 
li'njay  Ccanpany 
Enjay  Company 

Standard  Oil  Company  of  Indiana 
Monsanto  Chemical  Company 
Monsanto  Chemical  Company 
Monsanto  Chemical  Company 
Monsanto  Chemical  Company 
Monsanto  Chemical  Coopany 
Monsanto  Chemical  Company 
Monsanto  Chemical  Company 
Standard  Oil  Company  of  New  Jersey 

Standard  Oil  Company  of  New  Jersey 

Bakelite  Corporation 
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SPECIFICATIONS  FOR  WAXES  AND  OILS 
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Table  3 


POUR  POBIT  DEPRESSION  IN  PARAJT*IN  WAX-IHTTE  OIL  BLEND 


Additive 

Additive  Cone 
(wt.  %) 

Pour  Point 

(°F) 

Paraflow  PDX 

3.0  - 15.0 

“lf.0  to  •“50 

SantOpour  B 

10,0 

-Uo  to  -50 

Pourex 

3.0  - 10.0 

-25  to  -35 

Santopour  C 

10.0 

-25  to  -35 

Acryloid  1^0 

0.5 

-25  to  -35 

Santopour 

10.0 

-25  to  -35 

Paraflow  U6x 

0.5  - 15.0 

-10  to  -20 
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Tabl^  It 

POUR  POINT  DEPRESSION  IN.  MICROCRYSTAILINE  WAX-WHITE  OIL  BLEND 


Additive  Cone. 

Pour  Point 

Additive 

(vt.  %) 

m 

Santopour  B 

10,0 

-25  to  -35 

fburex 

10.0 

-25  to  -30 

Santopour  C 

10,0 

-25  to  -35 

Par  af  low  U6x 

s.o 

-10  to  -20 

Santopour 

1.0  - 5.0 

-10  to  -20 

Paraflow  PDX 

10,0  - 15.0 

-10  to  -20 

■rc  'I’R  ^3-11 
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Table  ^ 


POUR  POINT  DEPRESSION  IN  MICROCRySTALLINE-PARAFFIN-VmTTE  OIL  BLEND 


Additive  Co«  Pour  Point 


Additive 

(wt.  %) 

(°F) 

Santopour  B 

3.0  - 10.0 

-liO  to  -50 

Paraflow  FDX 

10.0  - 15.0 

-25  to  -35 

Santopour 

3.0 

-25  to  -35 

Pourex 

10.0 

-25  to  -35 

Santopour  C 

10.0 

-10  to  -20 

Paraflow  U6X 

10.0 

-10  to  -20 

Acryloid  150 

1.0  - 15.0 

-10  to  -20 

\>!ADC  TR  55-11 
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Table  6 


POUR  POINT  n^PRESSION  IN  PENNSYLVANIA  150  NEUTRAL  OIL 


Additive 

Additive  Cone 
(wt.  %) 

Pour  Point 

m 

Acryloid  150 

0.5  - 3.0 

-liO  to  -50 

Paraf low  PDX 

3.0  - 10,0 

-liO  to  -5o 

Paraflow  U6x 

3.0 

-Uo  to  -50 

Santopour  B 

3.0  - 10,0 

-iiO  to  -5o 

Santopour 

3.0 

-Uo  to  -50 

Pourex 

10,0 

-iiO  to  -5o 

Aciyloid  722 

10.0 

-iiO  to  -5o 

Santopour  C 

1.0  - 3.0 

-25  to  -35 

v;adc  tr  55-11 
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Table  7 


POUR  POINT  DEPRESSION  IN  MID-CONTINENT  l50  NEUTRAL  OIL 


Additive 

Additive  Ccno 
(wt.  %) 

Pour  Point 

m 

Paraf low  PDX 

3.0 

-lio  to  -50 

Santopour 

1.0  - 3.0 

-25  to  -35 

Paraf low  U6x 

1.0  - 3.0 

-25  to  -35 

Acryloid  150 

1.0  - 3,0 

-25  to  -35 

Santopour  B 

1.0  - 3.0 

-25  to  -35 

Santopour  C 

1.0  - 10.0 

-25  to  -35 

Pourex 

3.0 

-25  to  -35 

Acryloid  722 

10.0 

-25  to  -35 

V/ADC  TR 
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Table  8 


POUH  POINT  DEPRESSION  IN  PENNSYLVANIA  BRIGHT  STOCK 


Additive  Cooo  Poiir  Point 


Additive 

(wt.  %) 

(°F) 

Paraflow  PDX 

3.0  - 10.0 

-10  to  -20 

Santopour 

3.0  - 10.0 

-10  to  -20 

Santopour  C 

3.0 

-10  to  -20 

Santopour  B 

10.0 

-10  to  -20 

Acryloid  722 

1.0  and  10.0 

-10  to  -20 

Acryloid  l50 

1.0  - 10.0 

.0 

Pourex 

3.0  • 10.0 

0 to  -5 
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Table  9 

POUR  POINT  DEPRESSION  IN  KID  'CONTINENT  BRIGHT  STOCK 
Additive  Cone*  Pour  Point 


Additive 

(wt.  %) 

(Of) 

Acryloid  150 

1.0  - 3.0 

-10  to  -20 

San top our 

10.0 

-10  to  -20 

Santopour  B 

10.0 

-10  to  -20 

Santopour  C 

$.0 

-10  to  -20 

Paraflow  FDX 

10.0 

-10  to  -20 

Pour  ex 

10.0 

-10  to  -20 

paraflow  U6x 

1.0  -10.0 

0 to  -5 

35 


Table 

POUR  POINT  DEIRESSION  IN  PENNSYLVANIA  MINERAL  SIAL  OIL 


Additive 
Santopour  B 
Pour  ex 


Additive  Cone, 

(wt,  %) 

10.0 

10.0 


Pour  Point 
(°F) 

-10  to  -20 
0 to  —5 


-.'..hDC  -"‘-I] 
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Table  11 


POUR  POINT  DEPRESSION  IN  CADET  Z OIL 


Additive  Cone  Pour  Point 


Additive 

(wt.  %) 

Santopour  B 

10.0 

— IjO  ‘to  ••^0- 

Paraflow  U6x 

3.0 

-10  to  -20 

Pourex 

10.0 

-10  to  -20 

Paraflow  PDX 

3.0  - 10.0 

0 to  -5 

Acryloid  150 

3.0 

0 to  -5 

17 


stocks.  While  the  relative  depressant  activities  of  the  ccmmeroial 
products  are  listed  in  Table. 12,  there  appears  to  be  little  basis  far 
distinguishing  among  their  effectiveness.  Ntmber  "1"  indicates  maximum 
depression,  while  number  "3"  is  minimum.  Whereas  Santppour  B is  consis- 
tently most  active,  it  must  be  recognized  ttet  in  most  cases  concentrations 
as  high  as  ten  per  cent  are  necessary  fcr  optimm  depression. 

2.  Viscosity  Index  Improvement 


The  order  of  the  effectiveness  of  additives  as  viscosity  index 
improvers  in  the  teat  oils  is  tabulated  in  Table  13.  Ccmplete  data  are 
presented  in  Appendix  A.  In  canpiling  Table  13  the  additives  were  assigned 
numbers  frcm  1 to  10  in  order  of  their  effectiveness.  For  example,  the 
additive  causing  the  greatest  increase  in  viscosity  index  per  unit  con- 
centration in  Pennsylvania  l5o  Neutral  was  Acrylcid  HP-600.  This  was 
assigned  the  number  1.  In  contrast  to  this  the  vinyl  ether  resin  was 
given  the  number  10  since  it  had  the  least  effect  on  this  oil. 

In  the  synthetic  wax-white  oil  blends,  Acryloid  HF-600  proved 
to  be  the  most  effective  and  Santodex  the  least  effective  of  the  viscosity 
index  improvers.  Santopour  C gave  satisfactory  results  in  all  cases. 
Paratone  as  well  as  the  vinyl  ether  resin  was  somewhat  effective  in  all 
blends,  while  the  polybutenes  were  intermediate  with  the  microcrystalline 
wax  blend. 


In  both  Pennsylvania  and  Mid-Continent  Bright  Stocks  and  l5o 
Neutral  oils  Acryloid  HF-600  also  gave  the  best  results.  However,  no  large 
increase  in  viscosity  index  was  observed  in  the  Bright  Stocks. 
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Table  I3 

COMPARISON  OF  ADDITIVES  AS  VISCOSITY  INDEX  IMPROVERS 
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In  both  the  Pennsylvania  lOLneral  Seal  oil  and  the  l£Ld-Continent 


Cadet  Z oil,  the  relative  arrangement  of  the  additives  in  order  of  effective- 
ness was  identical  except  for  the  greater  activity  of  Santodex  in  the 
Pennsylvania  oil.  Since  Pennsylvania  Mneral  Seal  oil  ted  an  initial  vis- 
cosity index  21.7  units  greater  than  the  lfi.d-Continent  Cadet  Z oil,  the 
viscosity  indices  must  be  expected  to  be  higher  for  the  Pennsylvania  oil. 

In  addition,  the  variation  in  viscosity  index  between  the  two  oils  became 
greater  v/ith  higher  concentrations  of  additive. 

In  general,  the  effectiveness  of  the  additives  is  dependent 
upon  the  type  of  composition  and  original  viscosity  index  of  the  oil. 

Acryloid  HF-60O  was  consistently  among  the  most  effective  additives.  In 
all  cases,  the  largest  increase  in  viscosity  index  was  observed  with  the 
lower  viscosity  oils. 

B.  Analysis  of  Commercial  Additives 

Analyses  of  commercial  additives  were  carried  out  to  supplanent 
and  substantiate  concliisions  drawn  frcsn  the  literature  sujvey  as  to  the 
ccanpositions  and  structures  of  active  pour  point  depressants  and  viscosity 
index  improvers.  Qualitative  determinations  of  elements  were  made  by 
sodium  fusion  analyses  and  of  functional  groups  by  infrared  spectroscopy® 

In  the  case  of  the  Acryloids,  which  are  basically  acrylic  polymers,  saponi- 
ficaticai  equivalents  were  measured  to  indicate  the  mcaioner  molecular  weight. 


Polymer  molecular  weights  were  determined  to  provide  an  approximate  measure 


of  molecular  size.  Study  of  commex^ial  additives  was  complicated  by  the 
necessity  to  isolate  them  by  extraction  from  the  oil  solutions  in  Tliich  they 
are  marketed. 
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L.  Isolation  of  Ccanmercial  Additives 


Ccmmercial  additives  are  sold  as  concentrated  solutions  in 
mineral  oil.  Analysis#  therefcre#  necessitated  separation  from  this 
solution.  Since  the  additive  molecular  weight  was  considerably  greater 
than  the  oil,  a partial  precipitation  method  from  a third  solvent  was 
adopted  for  this  purpose.  The  procedure  used  is  given  in  Appendix  B. 

The  additive  concentrations  listed  in  Table  ll;  are  the  results  of  two 
extractions  yielding  duplicate  results  as  determined  by  additive  concentra-. 
tion  in  the  commercial  blend  and  additive  average  molecular  weight.  The 
solubility  of  extracted  additive  in  the  raffinate  provides  an  indication 
of  the  degree  of  inaccuracy  in  the  results.  Table  lit.  This  measure  of 
the  weight  per  cent  of  the  total  additive  retained  by  the  solvent  layer 
in  each  separation  approximates  the  inclusion  of  additive  in  the  oil 
fraction. 


Among  the  analyses  to  be  subsequently  described,  only  the  deter- 
mination of  average  molecular  weight  is  dependent  upcn  the  isolation  of  a 
quantitative  yield  of  additive.  Infrared  spectral  and  elemental  analyses 
and  the  determinati cn  of  the  saponification  equivalent  require  only  that 
a representative  oil-free  sample  of  material  be  obtained. 

2.  Elemental  Analysts 

The  elemental  analyses  of  the  additive  concentrates  for  sulfur, 

nitrogen  and  halogen  were  carried  out  according /to  a sodium  fusion  pro— 

(<) 

ceduro  . Data  presented  in  Table  15  shows  that  the  only  positive  test 
was  for  sulfur  in  Santolube  203A.  Flame  tests  liave  indicated  that  that 
conpound  probably  contains  barium. 
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Table  111 

EXTRACTIONS  OF  ADDITIVES 


Additive 

Solvent 

Precipitant 

Additive 
Recovered 
(Kt.jS  Average) 

Oil 

Recovered 
(Wt./S  Average) 

Additive  in 
Raffinate 
(Wt.^  Average) 

Ac  -loid  150 

Diethyl  ether 
Absolute  ethanol 

U2.1 

56.5 

— 

Acryloid  7IO 

Diethyl  ether 
Absolute  ethanol 

32.8 

62.6 

2.6 

Aciyloid  722 

Dietliyl  ether 
Absolute  ethanol 

38.6 

59.0 

2.2 

Acryloid  HF-6OO 

Diethyl  ether 
Absolute  ethanol 

2U.U 

72.9 

0.82 

Santopour 

Diethyl  ether 
Absolute  ethanol 

9*1 

89.9 

- 

Santopour  B 

Petroleum  ether 
Absolute  ethanol 

10.2 

89.8 

- 

Santolube  203A 

Petroleum  ether 
Absolute  ethanol 

21.0 

77.1 

- 

Esso  High 
Molecular  V^eight 
Polybutene 

Petroleum  ether 
Absolute  ethanol 

27.7 

70.3 

Esso  Low 
Molecular  Weight 
Polybutene 

Petroleum  ether 
Absolute  ethanol 

33.5 

63.6 

0.38 

Paratone 

Diethyl  ether 
Absolute  ethanol 

33.2 

65.9 

l.U 

Paraflow  1|6X 

Diethyl  ether 
Absolute  ethanol 

31.5 

68. U 

- 

Paraflow  U6X 

Diethyl  ether 
sec.*Anyl  alcohol 

9.8 

89.U 

- 

Paraflow  PDX 

Diettyl  ether 
Absolute  ethanol 

31.1 

68.7 

- 

Pourex 

Diethyl  ether 
Absolute  ethanol 

9.3 

88.6 

- 

Santodex 

Diethyl  ether 
Absolute  ethanol 

16.6 

83. U 

1.0 

Santopour  C 

Diethyl  ether 

32.6 

62.5 

0.8 

Absolute  ethanol 
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rubbery,  amber  colorless 
solid 


3.  Infrared  Analysis 


Table  16  lists  the  functional  groups  present  in  the  series  of 
additives  as  evidenced  by  infrared  absorption.  Those  materials  which  are 
believed  to  be  products  of  Friedel-Crafts  reactions  of  chlorinated  paraffin 
wax  and  aromatics  (santopour,  Santopour  B,  santopour  C,  Paraflow  PDX,  Para- 
flow  lj6X,  and  Pourex)  display  the  presence  of  long  alkyl  si±>stituted  aromatic 
groups,  while  all  of  that  series  other  than  Paraflcn^  PDK  also  have  a carbonyl 
absorption  peak.  The  Acryloids  are  believed  to  be  acrylic  polymers  with 
tinsaturated  and  carbonyl  groups.  Finally,  Paratone  and  high  and  low  molecu- 
lar weight  polybutenes  which  display  t~butyl  and  unsaturation  peaks  are 
most  likely  polyisobutylenes. 

U*  ^ponlflcatlon  of  Acryloids 

The  saponification  equivalents  of  the  Acryloids  were  deter- 
mined to  establish  the  ester  chain  length  of  the  monaneric  units  of  the 
respective  acrylic  polymers.  A sapcnlftcatiOTi  equivalent  of  an  ester,  g of 
unknown/g  equivalent  of  KOH  is  equal  to  the  eqvdvalent  weight  of  the  ester 
group.  In  the  case  of  a polymer  composed  of  monomer  units  having  a single 
ester  grovqj,  it  is  the  molecular  weight  of  the  monomer. 

The  determination  of  the  saponification  equivalent  of  a polymeric 
material  is  incumbent  upon  complete  reaction  of  all  ester  groups.  Due  to 
low  solubility  and  steric  hindrance  within  the  molecule,  complete  saponi- 
fication is  dependent  vigorous  reaction  conditions.  Since  the  experi- 
mental procedure  involves  titration  of  excess  alkali,  the  use  of  concen- 
trated solutions  of  base  such  as  Claisen*s  alkali,  yielded  results  which 
were  not  precise  and  which  were  subject  to  experimental  errws  beyond 
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GROUPS  IDENTIFIABLE  BY  INFRARED  ABSORBANCE 
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Polybutenes 


acceptable  limits.  The  use  of  diethylene  glycol,  benzene  and  pyridine 
as  solvents  also  gave  unsatisfactory  results.  In  an  effort  to  produce 
molecules  of  sufficiently  low  molecular  weight  to  be  readily  soluble  in 
available  reagents,  attempts  were  made  to  thermally  depolymerize  Acryloid 
l50  by  a method  successful  with  synthetic  lauryl  polymethacrylatej  how- 
ever, the  results  indicated  that  uncontrolled  degradation  of  the  ester 
probably  had  occurred. 

Consistent  saponification  equivalents  were  obtained  with  the 
use  of  petroleum  ether  (b.p.  65-110'’C)  as  solvent  and  a three  normal 
ethanolic  solution  of  potassium  hydroxide  as  saponification  base.  These 
experimental  conditions  were  used  in  the  analysis  of  the  four  principal 
Acryloids.  Results  are  listed  in  Table  I?-, 

The  saponificaticai  equivalent  of  256  for  Acryloid  150  indicates 
that  the  additive  may  be  either  dodecyl  polymethacrylate  or  tridecyl  poly- 
acrylate. In  view  of  the  lack  of  a commercial  source  for  tridecyl  alcohol, 
it  appeared  most  likely  that  Acryloid  l5o  is  the  dodecyl  polymer.  The 
data  also  indicates  that  Acryloid  722  is  octyl  polymethacrylate.  The  high 
saponification  equivalents  for  Acryloid  710  and  HF-600  suggest  that  either 
saponification  was  not  ccsuplete  or  that  they  are  acrylic  copolymers. 

5*  Molecular  Vfeights  of  Additives 

The  accurate  determination  of  the  molecular  vreight  of  cooiKeroial 
additives  is  dependent  v^jon  the  quantitative  isolation  of  the  concentrates 
from  the  marketed  oil  solutions.  As  has  been  previously  indicated,  such 
a separation  was  not  acccmplished.  As  a consequence,  data  given  in 
Table  18  are  approximations  and  are  indicative  only  of  the  ranges  of  molecu- 
lar weights.  The  ebullioscc?)ic  method^^^  used  in  the  determinations  is 
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Table  1? 


SAPC^flFICATICN  OF  ACRYLOIDS  IN  PETROLEUM  ETHER 


Additive 

Calculated 

For  Lauiyl  Methacrylate 

Saponification  Equivalent 
(g/g  equiv,  KOH) 

Acryloid  1$0 

25U 

252 

Aciyloid  710 

2Sh 

318 

Acryloid  722 

25U 

22U 

Acryloid  HF-600 

25U 

U29 

'-3-13 


/ 
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Table  18 


AVERAGE  MOLECULAR  VEIGHTS  OF  COMMERCIAL  ADDITIVES 


Additive 

Average  Molec 

Aciyloid  150 

liliOO 

Acryloid  710 

7000 

Acryloid  722 

5200. 

Aciyloid  HF-600 

7000 

Paraflow  U6X 

2200 

Paraflow  FDX 

1^00 

Pourex 

3350 

Santodex 

Uooo 

Santopour  C 

7000 

Santopour 

5500 

Santopour  B 

U50 

Santolube  203A 

3600 

Paratone 

3600 

*EbuUi  os  c op  ic 


subject  to  limitations  resulting  from  the  restriction  to  the  use  of  dilute 
solutions.  As  a result  of  this  restriction,  it  was  found  empirically  that 
molecular  vireights  in  the  vicinity  of  7^000  are  the  maxima  yielding  measur- 
able increments  in  boiling  point  elevation.  However,  as  will  be  subsequently 
indicated,  the  use  of  this  procedure  for  the  determination  of  molecular 
weights  above  1,500  is  still  further  subject  to  discrepancies  as  evidenced 
by  ccsnparisons  with  values  determined  cryoacqpically. 

6.  Summation  of  Analyses  of  Ccmmercial  Additives 


Combining  the  results  of  the  literature  survey  with  those  of  the 
analyses  described  in  this  section,  the  following  compositions  may  be  sug- 
gested for  ccmmercial  additives; 

Acr yield  l50  - Dodecyl  polymethacrylate,  average  molecular  weight 
approximately  l;,500. 

Acrylold  710  - Acrylic  polymer  of  undetermined  c exposition,  average 
molecular  weight  approximately  7j000. 

Acrylold  722  - Octyl  polymethacrylate  or  polyacrylate  (most  likely 
2-ethylhexyl) , average  molecular  weight  approximately  5,000, 

Acrylold  HF-600  - Acrylic  polymer  of  undetermined  composition, 
average  molecular  weight  apprcadmately  7^000, 

par af low  h6X  - Product  of  a Friedel-Crafts  reaction  of  naphthalene, 
chlorinated  wax  and  an  acyl  chloride,  approximate  average  molecular  weight 
2,000, 


Paraflciw  PDX  - Product  of  a Friedel-Crafts  reaction  of  naphthalene 
and  chlorinated  wax,  average  molecular  weight  approximately  1,500. 
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Pour  ex  - product  of  a Friedel-Crafts  reaction  of  chlorinated  wax 


and  undetennined  arcana  tic,  contains  carbonyl,  average  molecular  weight 
apprcQcimately  3^500. 

Santodex  - Polymeric  hydrocarbon,  possibly  alkylated  styrene, 
average  molecular  weight  approximately  U^OOO. 

San top our  C - Probable  product  of  a Friedel-Crafts  reaction, 
displays  presence  of  long-ctein  alkyl,  arcanatic  and  carbonyl  group,  aver- 
age molecular  weight  approximately  7,000. 

San top our  B - Possible  monobasic  ester  of  aromatic  acid  and  wax 
phenol,  average  molecular  weight  approximately  i|5o. 

Santopour  - Product  of  the  reaction  of  chlorinated  wax,  phenol 
and  phthaloyl  chloride,  approximate  molecular  weight  5,500. 

Santolube  2 03 A - Barium  salt  of  an  organic  sulfonic  acid,  approxi- 
mate molecular  vreight  3,500* 

Paratone  - Polyisobutene,  approximate  molecular  weight  3,500. 

IV.  DETERi'.a:NA.TION  OF  ESSMTI4L  FEATURES  OF  POUR  POINT  DEPRESSANTS 

Structural  studies  of  the  essential  features  of  pour  point  de- 
pressants were  initiated  on  acrylic  polymers  because  they  comprise  one 
group  of  known  additives,  the  Acryloids.  Of  the  niridely  used  depressants 
Acryloid  l5o  alone  is  a simple  addition  polymer.  As  such  its  structure 
may  be  defined  in  terms  of  the  monomer  structure  and  the  number  of  moncaner 
units,  the  degree  of  polymerization,  making  up  the  polymer.  Vifork  was  begun 
with  dodecyl  polymethacrylate  because  it  was  indicated  by  analysis  to  be 
the  active  principle  of  AcryloLd  1?0.  Subsequent  trial  shewed  indeed  that 
dodecyl  polymethacrylate  was  effective  as  a pour  point  depressant.  The  tiffo 
points  of  study  of  the  generalized  acrylic  polymer  structure  illustrated  in 


-il 
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Figtire  1 were: 


1.  The  effect  of  the  variation  in  n,  the  degree  of  polymeriza- 
tion on  dodecyl  polymethacrylate  additive  properties. 

2.  The  effect  of  variation  in  ester  chain  length  on  the  additive 
properties  of  acrylic  and  raethacrylic  polymers. 

Figure  1 


- CHg  - 


CH3 
C ~ 

I 

C • 0 


C12H25 


DODECYL  POLUffiTMCRYLATE 


A.  Dodecyl  Polymethacrylate»«Pour  Point  Depress! cn  of  Pennsylvania 
Straight  Run  Oils  as  a Function  of  Average  Degree  of  Polymerization 

A study  of  the  influence  of  the  degree  of  polymerization  of  dodecyl 
polymethacrylate  on  its  activity  as  a pour  point  depressant  was  carried  out 
using  three  Pennsylvania  base  stocks,  Mineral  Seal,  150  Neutral  and  Bright 
Stock,  the  properties  of  which  are  recorded  in  Table  2.  The  use  of  differ- 
ent oil  fractions  derived  fron  the  same  field  and  dewaxed  to  the  same  pour 
point  provided  a basis  for  evaluating  the  role  of  the  molecular  weight  of 
the  base  stock.  Preparations  of  polymers  were  carried  out  with  the  use  of 
chain  transfer  agents  to  enable  variation  of  molecular  weight. 


vvATC  Ili  ‘S'-ll 
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1.  Preparation  of  Polymers 


a.  Control  of  Degree  of  Polymerization  with  Chain 
Transfer  Agents 


Figure  2 

MECHAVUSM  OF  ADDITION  RILYMERIZATrON" 


Initiatioi; 

0 0 

M II 

0 

RCOOCR 

0 

II 

2RC0* 

RCO« 

R*  + COg 

R*  + CH2“CHX 

RCHgCHX* 

Propagation; 

RCHgCHX*  + n(CH2»CHX) 

R(CH2CHX)  . 

n+1 

Termination: 

2R(CHaCHX)^;^ 

RCCHgCHX)  R 
En+2 

2R(CH2CHX)^;, 

R(CH2CHX)^H^  + R(CH2CHX)^CH=CHX 

The  use  of  chain  transfer  agents  provides  an  additional  means  of  chain  termin- 

(7^ 

ation.  The  concept  of  chain  transfer  as  introduced  by  Fiery  ' may  be 
exemplified  by  the  illustration  in  Figure  3 as  applied  to  the  polymerization 
of  mono-olefinic  monoaers,  such  as  the  acrylates,  carbon  tetrachloride 

serving  as  the  chain  transfer  agent.  ! 

Figure  3 

CHAIN  TEANSF2H  CONCiilFT 

RCCHjGHX)-^^  + CCI4  H.  r(CH2CH)j^51  + CCI3. 

CCls*  + CHj-CHX  CClgCHgCHK* 
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It  is  apparent  frcoi  the  example  cited  that  the  process  of  chain  transfer 
does  not  affect  the  grorth  process  of  the  polymer  chain,  but  merely  in- 


creases the  rate  of  termination* 

The  use  of  carbon  tetrachloride,  chloroform  and  brcmotrichloro- 
methane  as  chain  transfeo*  agents  tos  been  reported  by  Mayo  and  his  co- 
workers  and  the  application  of  these  materials  on  this  project  for  the 
control  of  the  polymerization  of  dodecyl  methacrylate  is  lai'gely  an  ex- 
tension of  their  findings. 

Benzoyl  peroxide  was  used  exclusively  as  polymerization  catalyst 
in  a me  molar  per  cent  concentration  at  reaction  temperatures  ranging 
fran  70®  C for  high  molecular  weight  product  to  90*  C for  low  molecular 
weights.  Ordinarily  the  transfer  agent  was  present  in  sufficient  con- 
centration to  preclude  the  \ise  of  a solvent  for  efficient  "heat  transfer} 
hcjwever,  at  low  concentratims  of  chain  transfer  agent  mere  consistent 
results  were  obtained  with  the  use  of  an  inert  solvent  such  as  benzene. 

The  final  reaction  product  was  examined  in  several  ways  depending 
primarily  vpexi  the  stage  of  development  of  the  method.  Ifiiterials  were 
obtained  from  the  bulk  polymerization  of  dodecyl  methacrylate  that  were 
insoluble  in  lubricating  oil  or  cemmon  organic  solvents.  Consequently, 
the  products  from  initial  eoeperiments  with  ctein  transfer  agents  were 
tested  simply  for  solubility  in  high  boiling  petroleum  ether.  These  data 
were  checked  by  ebullioscopic  molecular  weight  determinations  of  the  crude 
products.  In  a fin-ther  refinement,  the  crude  polymer  was  fractionally  pre- 
cipitated from  benzene  solution  by  the  gradual  addition  of  methyl  alcohol 
and  graded  into  three  separate  fractions  in  the  order  in  which  they  pre- 
cipitated. The  bulk  of  the  polymer  appeared  in  Fractiem  2.  Fraction  1, 

...j— 11  ^ 3U  — 


the  highest  molecular  weight  material,  ordinarily  did  not  consist  of  more 
than  a few  per  cent  of  the  total  prodiict,  and  Fraction  3 consisted  principally 
if  unreacted  mononer. 

The  summarized  results  fl*cm  this  series  of  experiments  are  re- 
ported in  Tables  19,  20,  and  21,  It  will  be  noted  that  the  chain  transfer 
agents  are  designated  as  CTA  and  the  moncmeric  dodecj’l  in«thacrylate  as  M. 

The  molecular  weights  determined  ebuUioscopically  were  subject  to  correo- 
tion  as  determined  by  the  subsequent  application  of  the  cryosoppic  pro- 
cedure* 

b.  Determination  of  Molecular  Weight 

Two  methods  were  used  f cr  the  determination  of  molecular  weights 
of  polymers.  The  ebulliosccpic  procedure  mentioned  previously  in  deter- 
minations of  the  molecular  weights  of  commercial  additive  concentrates  was 
first  applied  to  the  acrylic  polymers.  Hcwevar,  as  previously  stated,  the 
weight  concentration  of  solute  in  benzene  required  to  obtain  a satisfactory 
boiling  point  increment  was  too  high  for  polymeric  materials  having  molecular 
weights  of  approxinately  7,000  or  greater.  Moreover,  the  particular  polymers 
under  study  caused  foaming  which  made  accurate  tanperature  measurement 
difficult* 

The  procedure  finally  adopted  was  based  upon  the  freezing  point 
lowering  of  sym-difluorotetrachloroethane.  Bernstein  and  Millar have 
suggested  the  applicability  of  this  material  as  a cryoscopic  solvent.  For 
present  purposes  it  proved  to  be  ideal.  Its  molal  freezing  point  depression 
constant,  determined  with  di-(2-ethylhexyl)  sebacate  is  U3»i4°C/(mole  of 
solute)  (1,000  g of  solvent).  All  of  the  polymers  under  study  were  easily 
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POLYMERIZATION  OF  DODECYL  METHACRYLATE  (M) 
Effect  of  Chloroform  on  the  Molecular  Weight 


Fraction  2 


CTA;M 

(moles/mole) 

Reaction 
Temp .f C ) 

Crude  Polymer 
Av.  mol.  wt. 

Average* 
mol.  i7t. 

Yield 
(ivt.  %) 

10 

90 

1700 

- 

- 

10 

65 

- 

>7000 

80 

20 

90 

800 

2300 

60 

20 

65 

- 

>7000 

80 

■^Ebullioscopic 


^ -3-u 
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Table  20 


Kii.Yi'^HIOAriOl'I  OF  DEDECYL  hiETHACRYLATE 
Effect  of  Carbon  Tetrachloride  on  the  Molecular  V.'eight 


CTA:M 

(moles/mole) 

Reaction 
Temp.  °C 

Sol.  in 
Pet,  Ether 

0.5 

70 

insol. 

1 

70 

insol. 

2 

70 

sol. 

k 

70 

sol. 

6 

70 

sol. 

10 

70 

sol. 

10 

70 

sol. 

20 

70 

sol. 

*Ebullioscopic 


Crude  Polymer 

Fraction 

Average 

_2 

Yield 

Av,  mol.  wt.* 

mol.  vrt.* 

(wt.  ; 

>7000 

** 

55U5 

- 

55U5 

- 

- 

2250 

>7000 

52 

628 

>7000 

15 

■ ' - J. 
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Table  21 


POLYMERIZATION  OF  DODECYL  METHACRYLATE  (M) 
Effect  of  Bromo trie hi orome thane  on  the  Molecular  Leight 


Fraction 

_2 

CTA:M 

Benzene :M 

Reaction 

Average 

Yield 

(moles/raole) 

(moles/raole) 

Temp.fC) 

mol.  wt.* 

(wt.  %) 

2 

5 

90 

750 

90 

2 

0 

90 

850 

k6 

1 

5 

90 

1100 

90 

1 

0 

90 

1100 

72 

0.2 

5 

90 

3100 

51 

0.1 

*Ebullioscopic 

5 

90 

kkoo 

52 

soluble  at  the  freezing  paint,  2li"C.  Moreover,  this  low  freezing  point 
precluded  the  possibility  of  degradation  of  the  solute  during  the  deter- 
nination* 

The  apparatus  used  for  the  molecular  weight  de'odrminatiais  had 
a stancferd  design.  It  would  appear  that  in  view  of  the  proximity  of  the 
freezing  point  to  room  temperature,  only  reasonable  care  would  be  required 
in  the  insulation  of  the  freezing  point  apparatus.  However,  this  was  found 
not  to  be  true.  As  an  inverse  function  of  its  large  molal  freezing  point 
depression  constant,  sym-difluorotetrachloroethane  has  a very  low  heat  of 
fusion,  which  makes  it  necessary  to  exert  considerable  care  to  control 
supercooling  and  the  maintenance  of  adiabatic  conditions.  A description 
of  the  eqviipDient  and  experimental  procedure  may  be  found  in  Appendix  B. 

The  molal  freezing  point  ccxistant  of  readily  facilitated 

determinations  of  molecular  weights  in  the  range  of  lii,CXX)  with  a precision 
of  two  per  cent.  Consequently,  results  of  cryoscopic  measurements  are  given 
priority  over  those  determined  ebullioscopically.  A comparison  of  average 
molecular  weights  determined  cryoscopically  with  those  previously  determined 
ebullioscopically  is  presented  in  Table  22.  In  the  following  sections 
polymers  will  be  referred  to  by  the  code  number  designated  in  the  table® 

An  independent  check  of  the  cryoscopic  method  was  made  in  an 
exhaustive  fractionation  of  dodecyl  polymethacrylate  to  be  described  in  a 
later  section.  When  a sample  of  the  polymer  having  a cryoscopic  average 
molecxilar  weight  of  li,000  was  fractionated  into  eleven  ccmpcsnents,  the 
weighted  average  of  the  molecular  weights  of  the  fractions,  also  deter- 
mined cryoscopically,  was  equal  to  the  average  molecular  weight  of  the 
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Table  22 


COMPARISON  OF  EBULLIOSCOPIC  AWO  CRYOSCOPIC  AVERAGE 
MOIECUIAR  TvEIGHTS  OF  DUDECYL  POLYMETHACRYIATE 


Chain  Transfer 
Agent 

Code  No. 

Average  Molecular  ''’■eight 
Ebullioscopic  Cryoscopic 

Bromotrichlororaethane 

2 

DPM-I 

850 

850 

Bromo trie hi orome thane 

1 

DPM-2 

1100 

1100 

Chloroform 

20 

DPM-3 

2300 

2000 

Bromotrichloromethane 

0.1 

DPM-U 

iiUOO 

3000 

Carbon' Tetrachloride 

20 

dpm-5 

>7000 

3700 

Carbon  Tetrachloride 

2 

DPM-6 

>>7000 

Uooo 

'H-Moles  of  chain  transfer  agent:  mole  of  monomer 


mother  polymer.  As  a resiilt,  eryoscopic  mo3.ecular  weights  ivill  be  cited 
in  the  subsequent  discussion  of  the  effect  of  that  factor  on  the  pour 
point  depressing  action  of  dodecyl  polymethacrylate. 


2 . Effect  of  Polymer  Molecular  Weight  on  the  Pour  Point 
Depressing  Action  in  Pennsylvania  1^0  Neutral  oil 

The  dependence  of  po\ir  point  depression  of  Pennsylvania  l50  Neutral 
oil  on  the  molecular  weight  and  concentration  of  dodecyl  polynethacrylate  is 
shox'm  in  Figure  U.  It  should  be  emphasized  that  these  curves  are  based  upon 
bulk  polymers  with  only  unreacted  moncmer  removed.  Each  sample  comprised  a 
molecular  v/eight  range  the  breadth  of  which  appeared  to  vary  directly  with 
the  average  molecular  weight  observed.  Thus,  DPM-5  and  DPK-6  contain  frac- 
tions similar  to  DPtf-k,  DPM-3,  DFK-2,  and  DPM-1.  DPM~1  and  DBi-2,  on  the 
other  hand,  contain  no  high  molecialar  weight  fractions.  In  addition,  the 
data  are  subject  to  the  usual  objections  of  pour  point  determinations  and 
cannot  be  warranted  to  a greater  accuracy  than  + 5"  F, 

Nevertheless,  several  valuable  conclusions  can  be  drawn.  The 
marked  pour  depressing  effect  of  the  higher  molecular  weight  materials  is 
clearly  shewn.  For  example,  a concentration  of  0.1  per  cent  of  DPM-6  was 
sufficient  to  cause  a pour  point  of  -28®  F while  six  per  cent  of  DPM-U  was 
nee<ied  to  effect  the  same  depression.  If  the  term  "pour  point  depressant" 
is  to  be  reserved  for  those  materials  having  a very  marked  influence  on  the 
properties  of  lubricating  oil  in  low  concentration,  then  DH&-2  and  DPM-1 
cannot  be  so  classified.  It  hardly  seems  reasonable  to  attribute  the  ob- 
served depressions  at  concentrations  of  30  per  cent  to  any  unusual  or  special 
property.  It  is  possible,  for  instance,  that  the  wax  solubility  was  increased 
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FIG.4-D0DECYL  POLYMETHACRYLATE -ADDITIVE  PROPERTIES 
IN  PENNSYLVANIA  ISO  NEUTRAL  OIL  AS  A FUNCTION 
OF  DEGREES  OF  POLYMERIZATION . 


sufficiently  to  prevent  the  process  of  wax-oil  gelation  from  occurring. 

In  order  to  overcome  the  limitations  resulting  from  the  use  of 
polymers  vdth  wide  molecular  weight  distributions,  dodecyl  polymethacrylate 
samples  having  relatively  narrow  molecular  weight  ranges  have  been  prepared 
by  the  exhaustive  fractioiation  of  a polymer  having  a cryoscopdc  average 
molecular  weight  of  U,000.  The  fractionation  was  carried  out  according 
to  the  scheme  presented  in  Figure  5 and  the  experimental  procedure  re- 
ported in  the  Appendix  B.  The  data  are  consolidated  in  Table  23» 

The  three  highest  molecular  weight  fractions  isolated,  8,000, 
10,000  and  lli,000,  have  each  been  tested  for  pour  point  depressant  activiigr 
in  Pennsylvania  l50  Neutral  oil.  The  results,  given  in  Figure  6 and  Table 
2ii,  disclose  no  important  differences  among  the  actions  of  the  three  flec- 
tions and  the  unfractionated  polymer  vdthin  the  e:)^erimental  accuracy  of 
the  ASTM  method  for  pour  point  determination,  + F. 

It  is  significant  that  the  unfractionated  dodecyl  polymethacrylate, 
containing  a relatively  low  concentration  of  high  molecular  fractions,  had 
an  activity  equivalent  to  or  higher  than  that  of  an  equal  concentration  of 
the  high  molecular  weight  polymer.  It  is  possible  that  the  low  molecular 
weight  fractions,  although  ineffective  as  depressants,  may  exert  a syner- 
gistic actiiJn. 

3*  Effect  of  Polymer  Molecular  Wbight  on  Pour  Point  Depressing 
Action  in  Mineral  Seal  Oil 

The  use  of  Mneral  Seal  oil  to  determine  the  relationship  of 
additive  molecvilar  weight  to  depression  activity  has  demonstrated  that  pour 
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FIGURE  5 

SCHEME  FOR  FRACTIONATION  OF  OOOECVL  POLYMETHACRYLATE,  AVERAGE  MOLECULAR  WEIGHT  4000 


Table  23 


COS4PC6ITia'I  OF  BULK  DODECYL  POLYMETHACRYIATE  PREPARED  IN 
CARBOI  TETRACHLORIDE  SOLUTION 

(Molar  Ratio  of  Solvent  to  Moncsner  = 2/l) 


Concentration 


Molecular  T.'eight* 

?.eight  (g) 

Moles 

(wt.  %) 

(Mol. 

lUOOO  or  greater 

97.8 

0.007 

22.U 

2.1 

10000  - lUOOO 

76.5 

0.008 

17.5 

2.h 

8000  - 10000 

38.6 

0.005. 

8.9 

1.5 

3000  - 8000 

72.9 

0.021 

16.6 

6.3 

1000  - 3000 

75.2 

O.Olt? 

17.2 

lli.l 

250  - 1000 

18.9 

0.020 

U.3 

6.0 

250 

56.2 

U36.1 

0.225 

0.333 

12.9 

67.6 

*Ciyoscopic 


FIG.  6 -POUR  DEPRESSION  OF  EXHAUSTIVELY 

FRACTIONATED  DODECYL  POLYMETHACRYLATE 
IN  PENNSYLVANIA  ISO  NEUTRAL  OIL 
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Table 


POUR  POINTS  AND  VISCOSITIES  OF  EXHAUSTIVELY  FRACTIONATED 
DODECYL  POLYTIETHACRYUIE— PENNSYLVANIA  1$0  NEUTRAL  OIL  BLENDS 


Additive 

Molecular 

height 

Additive 

Cone, 

(wt,^) 

Pour 

Point 

r F) 

Viscosity 

100^  F 

■■^lO'^T 

Centistokes  SUS  Centistokes  SOS 

Uooo# 

20.0 

-35 

16,0 

-Uo 

lU.O 

-Uo 

10.0 

-U5 

8.0 

-U5 

6,0 

-50 

U.O 

-50 

2.0 

-50 

loO 

-U5 

0.5 

-35 

0.05 

+10 

Viscosity 

Index 


lUOOO-;t  20.0 

10.0 
6.0 
6,0 
U.O 
2.0 
1.0 
0.5 


-35  698.0 

-Uo  212.0 

-liO  159.0 
-50  115.0 
-U5  79.U 
-U5  53. U 
-Uo  U2.5 
-35  37,1 


322U.7 

102.3 

979.U 

33.U 

73U.6 

25.U 

531.3 

18.7 

366.8 

12,8 

2U7.0 

8.56 

197.0 

6.81 

172.6 

6.22 

U75.9 

>130 

157.1 

138 

121.5 

lUo 

92.71 

1U2 

69. 3U 

lUl 

5U.28 

13U 

U8.U3 

123 

U6.53 

123 

lOOOO-JHi-  20,0  -30 

10.0  -hS 

8.0  -U5 

6.0  -ho 

2.0  -35 

1.0  -30 

0.5  -30 

8000^^-x-  20.0  -ItO 

10.0  -h$ 

8.0  -50 

6,0  -U5 

3.5  -U5 

1.75  -Uo 

0.8  -30 


Unfractionated  polymer  - cryoscopic 
Exhaustively  separated  fractions  of-;<- 


•^n 


he 


POUR  POINT  { 


ADDITIVE  CONCENTRATION  (WT.  »/o  ) 


FIG.  7-  PENNSYLVANIA  MINERAL  SEAL  OIL  ADDITIVE  ACTIVITY 
OF  DODECYL  POLYMETHACRYLATE  AS  A FUNCTION  OF 
AVERAGE  MOLECULAR  WEIGHT 


point  depression  is  a function  of  the  oil  as  well  as  the  additive.  Pour 
point  data  for  ranges  of  concentrations  of  DPM~6j  DPM-3j  and  DPM-2  in 
Mineral  Seal  oil  are  given  in  Figure  ?•  Not  only  is  the  low  molecular 
weight  additive  which  was  relatively  inactive  in  1^0  Neutral  oil  an  effec- 
tive depressant,  but  it  is  observed  that  activity  varies  inversely  with 
molecular  weight. 

Confirmation  of  the  activity  of  low  molecular  weight  additives 
in  this  oil  and  their  relative  inactivity  in  higher  molecular  weight  1^0 
Neutral  oil  was  obtained  from  pour  point  tests  using  sorbitol  and  mannitol 
tri-  and  tetradodecanoates  as  depressants,  Table  2$.  It  will  be  noted  from 
Figure  8 that  these  materials  bear  a close  structural  similarity  to  the 
trimer  and  tetramer  of  dodecyl  methacrylate.  Reference  to  the  data  shows 
that  they  did  depress  the  pour  point  of  Mneral  Seal  oil  but  were  ineffec- 
tive in  150  Neutral  oil. 

Figure  8 
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Table  25 


POUR  POINT  DEPRESSING  ACTIVITY  OF  SORBITOL  AMD  MANNITOL  DODECANOATES 

Pennsylvania  150  Neutral  Oil 

Additive  Cone.  Pour  Point 


Additive 

(wt.  %) 

(°  ] 

Mannitol  tridodecanoate 

U.o 

+5 

Mannitol  tetradodecanoate 

U.o 

Sorbitol  tridodecanoate 

U.o 

+5 

Sorbitol  tetradodecanoate 

U.O 

+5 

Mineral  Seal  Oil 

Mannitol  tridodecanoate 

U.O 

“25 

Mannitol  tetradodecanoate 

U.O 

-25 

Sorbitol  tridodecanoate 

U.O 

-10 

Sorbitol  tetradodecanoate 

U.O 

-20 

1 


U»  Effect  of  Polymer  Molecular  Weight  on  Pour  Point  Depressing 
Action  in  Bright  Stock 

Experiments  carried  out  to  determine  the  susceptibility  of 
Pennsylvania  Bright  Stock  to  pour  point  depression  by  high,  medim  and 
low  molecular  weight  dodecyl  polymethacrylate  have  shewn  that  these  mater~ 
ials  have  no  detectable  effect  on  the  oil.  Table  26.  These  data  corrobcjr- 
ate  the  results  obtained  with  such  commercial  additives  as  Acryloid  l5o, 
Paraflow  PDK,  Paraflovr  U6X  and  Santopour  and  is  in  accord  with  the  idea 
that  the  pour  point  of  Bright  stock  is  not  due  to  wax-oil  gelation  but 
to  high  Newtonian  viscosity.  Further  evidence  bearing  on  this  question 
will  be  presented  in  a subsequent  discussion  of  the  effect  of  diluCTits  on 
physical  properties  of  oils. 

B.  Acrylic  Polymers  - Povur  Point  Depression  of  Pennsylvania  1^0  Neutral 
Oil  as  a Fmetion  of  Ester 'Chain  Length 

The  pronounced  pour  point  depressing  qualities  of  dodecyl  poly- 
methacrylate  in  Pennsylvania  150  Neutral  oil  have  been  shovm  to  be  assoc- 
iated principally  with  polymers  composed  of  at  least  25  moiOBieric  units. 

Of  equal  importance  to  the  dependence  of  additive  activity  on  polymer 
chain  length  is  the  question  of  the  role  of  the  alkyl  group.  Roughly  the 
problem  was  this:  Is  the  dodecyl  group  present  in  dodecyl  polymethacrylate 

a unique  functional  group  taking  a definite  part  in  the  phenomenon  of  pour 
point  depression  or  does  it  simply  cause  the  methacrylate  polymer  to  ac- 
quire physical  properties  the  sum  of  which  are  essential  to  the  depressant 
activity? 
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Table  26 


ADMTIVE  ACTIVITY  CF  DODECYL  POLYMETHACRYLATE  IN  PENNSYLVANIA  BRIGHT  STOCK 


A .iitive  Molecular  NeighV> 

Additive  Cone, 
(Wt,  %) 

Pour  Point 

(0  F) 

3770 

loO 

+10 

n 

2,0 

+10 

II 

U.O 

+10 

II 

8.0 

+10 

II 

10.0 

+10 

23iiO 

1.0 

+10 

II 

2.J 

+10 

II 

U.O 

+10 

II 

8.0 

+10 

II 

10,0 

+10 

II 

20.0 

+10 

II 

Uo.o 

+5 

860 

1.0 

+10 

II 

2,0 

+10 

II 

U.0 

+10 

II 

8.0 

+10 

II 

10.0 

+10 

II 

20,0 

+10 

II 

Uo.o 

+10 

II 

60.0 

+10 

II 

80.0 

0 

Cryoscopic 


Initially,  the  investigation  involved  the  preparation  and  test- 
ing of  a series  of  allqrl  polymethacrylates  ranging  fran  the  octyl  to  the 


octadecyl  esters.  Presumably,  if  the  dodecyl  group  is  a specific  con- 
stitutive factor,  other  members  of  the  series  •will  not  display  depressant 
acti'vity,  whereas  if  i-bs  delation  to  the  physical  properties  of  the  polymer 
are  its  essential  value,  a pattern  of  depressant  activity  proportionate  to 
the  variations  of  the  physical  proparty  ammg  the  group  ■vri.ll  be  evident 
in  a gradation  of  depressant  activity. 

In  a second  phase  of  experimen'bation,  a series  of  alkyl  poly^ 
acrylates  were  prepared  corresponding  in  alkyl  chain  length  to  the  poly- 
methacrylates previously  tested.  A comparison  of  respective  members  of 
the  two  series  provided  an  addi-bional  basis  for  evaluating  the  role  of 
the  alkyl  side  chain.  The  rela-bionship  is  exemplified  by  the  work  of 
Rehburg  and  Fisher Figure  9«  The  brittle  points  plotted  are  the 
temperatures  at  which  stan(terd  polymer  specimens  break  with  a sudden 
application  of  load.  Brittle  point  is  closely  related  to  softening  point 
as  a measxire  of  polymer  crystallinity.  It  is  clear  that  variation  of  over- 
all physical  proper-ties  -wi-th  ester  chain  length  is  different  for  the  'two 
series.  Thus,  if  the -dodecyl  group  is  a constitutive  factor  it  1111111  impart 
the  same  properties  to  either  the  polymettecrylate  cr  the  polyacrylate. 
Whereas,  if  the  over-all  physical  properties  are  the  prime  considera-bion 
in  determining  additive  activity,  the  variations  in  actiidty  noted  for 
each  series  should  bear  no  direct  inter-relaticnship  of  this  sort,  but 
should  be  dependent  upon  variations  in  physical  proper'bies* 


-11 


52 


BRITTLE  POINTS  OF  POLYMERIC  n-ALKYL 
ACRYLATES  AND  METHACRYLATES. 

REHBUR6  AND  FISHER,  INO.ENG.CHEM  . 40.  1429,(1943) 


Moncmeric  octyl,  decyl,  undecyl,  dodecyl,  tetradecyl,  hexadecyl, 


and  octadecyl  methacrylate  and  octyl,  decyl,  dodecyl,  tetradecyl,  and 
hexadecyl  acrylate  were  obtained  from  commercial  sources  or  by  ester  inter- 
change reactions  between  methyl  methacrylate  and  the  appropriate  alcohol, 
according  to  the  procedure  of  Barrett  and  Strain^^^^ . They  were  polym.erized 
under  the  reaction  conditions  used  to  prepare  DPM-6  and  DPM-5  for  use  with 
Pennsylvania  150  Neutral  oil  and  DFI■^-2  for  use  with  Mneral  Seal  oil. 
Accordingly,  the  numeral  in  the  code  number  listed  in  Table  27  refers  to 
the  method  of  polymerization.  Thus,  CDH\/5-5  is  octadecyl  polymethacry]ate 
polymerized  in  carbon  tetrachloride  solution  in  a solvent  to  monomer  ratio 
of  20  to  1,  corresponding  to  the  method  used  to  obtain  DPK-^. 

The  results  of  pour  point  tests  are  given  in  Table  27-  In  cem*- 
paring  the  properties  of  the  series  of  polyraethacrylates,  the  marked  feature 
of  the  investigation  is  the  inability  of  polymers  having  ester  chain  lengths 
shorter  than  12  carbon  atons  to  depress  the  pour  points  of  the  oils  tested. 
The  variation  in  activity  of  polymers  having  ester  chain  lengths  greater 
than  12  carbons  might  be  explained  on  the  basis  of  solubility.  However, 
the  lack  in  continuity  of  pour  point  depressing  activity  of  the  n-alkyl 
methacrylate  series  suggests  that  this  activity  is  not  entirely  a function 
of  any  over-all  property  such  as  solubility  that  would  be  expected  to  vary 
uniformly  through  the  series,  but  that  the  presence  of  the  dodecyl  group 
or  longer  ester  chains  is  critical. 

As  a matter  of  secondary  significance,  TPM-p  and  TPlf-6  were 
equally  active  in  depressing  the  pour  point  of  l5o  Neutral  oil.  This  was 
not  true  for  the  corresponding  dodecyl  polymethacrylates.  Moreover,  TPM-5 
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Table  27 
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EFFECT  OF  ESTER  CHAIN  LENGTH  ON  POUR  POINT  DEPRESSING  ACTIVITIES  OF  POLYACRYLATES  AND  POLBIETHACRYLATES 

In  Pennsylvania  150  Neutral  Oil 
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showed  greater,  activity  in  a one  per  cent  concentration  than  in  a four 
per  cent  concentration. 

Solutions  in  Mneral  Seal  oil  show  changes  v;hich  are  too  slight 
to  provide  a basis  for  conclusions. 

That  the  presence  of  the  dodecyl  group  or  a longer  ester  chain 
is  essential  to  pour  point  depressant  activity  of  acrylic  polymers  under 
the  conditions  tested  is  sv?)ported  by  the  study  of  n-alkyl  polyacrylates. 
Reference  to  Table  2?  shows  that  only  dodecyl  and  longer  alkyl  chains 
polyacrylates  are  depressants  in  Pennsylvania  l50  Neutral  oil.  However, 
a 12  carbon  side  chain  alaie  does  not  insvcre  depressant  activity.  In  addi 
tion,  the  polymer  must  possess  suitable  over-all  physical  properties  such 
as  solubility, 

V.  DILUMT  EFFECT  ON  THE  POUR  POINTS  OF  PENNSYLVANIA  STRA.IGHT  RUI^  OILS 

It  has  been  noted  fron  experiments  with  dodecyl  polymethacrylat* 
and  other  work  based  on  the  use  of  ccramercial  additives  that  Pennsylvania 
l5o  Neutral  oil  can  be  lov/ered  to  a minimum  pour  of  -5o"  F but  cannot  be 
depressed  below  that  value.  Two  experiments  were  carried  out  which  indi- 
cated -50“  F to  be  at  or  near  the  limit  attainable  by  the  use  of  pour 
point  depressants  alone. 

First,  it  was  found  that  addition  of  dodecyl  polymethacrylate  to 
Pennsylvania  1^0  Neutral  oils  dewaxed  to  pour  points  of  5 and  -30“  F re- 
sulted in  depression  to  the  same  pour  point,  -50“  F.  Second,  it  was  ob- 
se3rved  that  dilution  of  the  oil  with  to  10  per  cent  isooctane  would 
not,  in  itself,  depress  the  pour  point  of  the  oil  but  in  the  presence  of 
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dodecyl  polymethacrylate  would  effect  pour  points  well  helm  the  — 50®  F 
limit,  Table  28, 

It  is  generally  agreed  that  the  congealing  of  a wax-bearing  oil 
such  as  Pennsylvania  l5o  Neutral  is  due  to  precipitation  of  the  wax  and 
subsequent  gelation  of  the  wax-oil  system.  Lowering  of  the  pour  point  by 
an  additive  is  a res\iLt  of  the  modification  of  this  system  in  such  a v/ay 
as  to  prevent  gelation.  Since  dewaxing  Pennsylvania  1^0  Neutral  oil  does 
not  change  the  minimum  pour  point  attainable  with  an  additive,  presumably 
the  effect  of  the  additive  is  limited  to  wax-oil  gels. 

The  marked  effect  of  isooctane  on  the  additive  treated  oil  suggests 
that  the  -5o®  F value  is  a function  of  Newtonian  viscosity,  i.e.,  at  -50”  F 
the  undiluted  oil  is  too  viscous  to  flow. 

For  the  purposes  of  the  subsequent  discussion,  the  follcrring  dis- 
tinction is  made  between  viscosity  pour  point  and  wax  or  gel  pour  pcdnt. 

Gel  pour  point  is  that  temperature  below  which  a non-Newtonian  oil  Vidll 
not  flow  as  a result  of  the  formation  of  a wax-oil  gel  imparting  a yield 
value  to  the  oil.  Viscosity  pour  point  is  that  temperature  below  which  a 
Newtonian  oil  vdll  not  flow  dxiring  the  period  of  the  pour  point  experiment 
as  a result  of  the  low  fluidity  of  the  oil.  "Fluidity"  which  is  the  re- 
ciprocal of  viscosity  will  be  used  hereafter  since  the  fluidity  of  a solution 
is  approximately  an  additive  function  of  the  fluidities  of  the  individual 
components  on  a molar  basis. 

A.  Survey  of  Diluent  Effect  on  Pennsylvania  l5o  Neutral  Oil 

Pour  point  data  obtained  for  solutions  of  a variety  of  diluents 
in  Pennsylvania  l5o  Neutral  oil  in  the  presence  and  absence  of  dodecyl 
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Table  28 


THE  EFFECT  OF  A DILUENT  ON  THE  POUR  POINT  OF  1^0  NEUTRAL  OIL 
T';ITH  AND  VjITHOUT  A POUR  POINT  DEPRESSANT 


Concentraticm  of 
Isooctane 
(wt.  %) 

Concentration  of 
Pour  Point  Depressant 
(wt.  %) 

Pour  Point 
(®F) 

0 

0 

10 

0 

0 

-50 

10 

k 

<-70 

;vA.: 


^ ^ ~ *" 
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polymethacrylate  are  presented  in  Table  29.  No  structural  effects  were 
noted  except  insofar  as  structure  determined  the  diluent  fluidity.  If 
the  freezing  or  poiu:  point  of  the  diluent  was  belov/  -50°  F,  the  diluent, 
irrespective  of  the  structure,  ordinarily  depressed  the  pour  points  of 
four  per  cent  solution  of  dodecyl  polymethacrylate  in  l5o  Neutral  oil 
beloiT  the  -So®  F limit.  Ed.-(2-ethylhexyl)  sebacate  offered  the  single 
exception;  hovuever,  its  pour  point  is  so  close  to  -5o®  F ttot  its  fluid- 
ity at  that  temperature  is  too  close  to  that  of  the  oil  to  exert  an 
effect.  In  no  instance  did  a diluent  in  concentrations  of  ten  per  cent 
or  less  depress  the  pour  point  of  oil  containing  no  depressant. 

It  is  suggested  from  the  cteta  obtained  that  the  only  function 
of  the  diluents  in  depressing  the  pour  point  of  a Pennsylvania  l90  Neutral 
oil  solution  of  dodecyl  polymethacrylate  belov/  -5o“  F is  to  increase  the 
fluidity  of  the  blend  at  that  temperature.  Conversely,  the  occurrence 
of  a viscosity  pour  point  is  the  most  likely  action  limiting  the  effective- 
ness of  a pour  point  depressant  in  that  oil* 

B.  Variation  in  Isooctane  Effect  on  the  Pour  Points  of  Pennsylvania 


Straight  Run  Oil  Pi'actions 

Data  describing  the  action  of  isooctane  on  rlineral  Seal  oil, 
l5o  Neutral  oil  and  Bright  Stock  are  being  presented  here  to  provide  a 
consistent  basis  for  underetanding  the  effect  of  diluents.  The  varia- 
tions among  the  susceptibilities  of  various  oil  fractions  to  pour  point 
depression  by  diluents  emphasize  the  factors  contributing  to  the  pour 
point  characteristics  of  each  oil. 


Table  2^ 

POUR  pomrs  of  penmsylvania  150  neutral  oii^ -diluent  biends 


Hiluent 

Additive-!!- 

Diluent 

Cone, 

Cone. 

Pour 

Free  zing 

(wt.  % of 

(wt,  % of 

Point 

point 

Diluent 

total  blend) 

oil  plus  add, ) 

(°  F) 

(°  F) 

None 

«• 

0 

+10 

2 >2,ii*Trimeth;yl-* 

2,0 

0 

+10 

-111.3 

p entane( isooctane^ 

U.o 

0 

+10 

6,0 

0 

8,0 

0 

0 

10,0 

0 

2,0 

U.O 

-5o 

li.O 

u.o 

-55 

6,0 

u.o 

-65 

8,0' 

U.o 

-65 

10,0 

U.o 

<-70 

n- Octane 

2,0 

0 

^■5 

-70 

6,0 

0 

+5 

10,0 

0 

+5 

2,0 

U.o 

-60 

6,0 

U.o 

-65 

10,0 

U.o 

-60 

Benzene 

2,0 

0 

+10 

+U1.9 

6,0 

0 

^5 

10,0 

0 

+5 

2,0 

U.o 

-50 

6,0 

U.o 

-U5 

10.0 

U.o 

-U5 

/ 

Secondary  butyl 

2.0 

0 

+10 

-117 .U 

benzene 

6,0 

0 

+10 

10.0 

0 

+5 

2.0 

U.o 

-50 

6.0 

U.o 

-55 

10.0 

U.o 

-60 

Di- ( 2-ethylhexyl ) 

2.0 

0 

+10 

sebacate  (Octoil-S) 

6,0 

0 

+10 

10,0 

0 

+10 

2,0 

U.o 

-50 

6.0 

U.o 

-50 

10.0 

U.o 

-50 

Dewaxed  Pennsylvania 

U.o 

0 

+10 

-30-;h'c 

150  Neutral  Oil 

8.0 

0 

+5 

U.O 

U.o 

-U5 

8.0 

U.o 

-U5 

100.0 

U.o 

-5o 

Dodecyl  polymethacrylate,  cryoscopic  MW  UOOO 
Pour  point 
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Table  29  (Continued) 

POUR  POINTS  CF  PENNSYLVANIA  150  NEUIRAL  OIL— DILUENT  BLENDS 


Diluent 

Additive* 

Diluent 

Cone, 

Cone, 

Pour 

Freezing 

(wt,  % of 

(wt,  % of 

Point 

Point 

Diluent 

total  blend) 

oil  plus  add, ) 

(°F) 

(0  F) 

Dodecyl  polymeth- 

2.0 

0 

+10**- 

acrylate  (E5T  860) 

h.O 

0 

-5 

20.0 

0 

-25 

UO.O 

0 

-30 

h.Q 

U.o 

-Uo 

6,0 

li.o 

-Uo 

8.0 

14.0 

-Uo 

10.0 

u.o 

-Uo 

20.0 

U.o 

-30 

30.0 

U.o 

-25 

Me thylc  yc lohexane 

10.0 

0 

0 

-195.9 

2.0 

U.o 

-55 

• 

6.0 

U.o 

-60 

10.0 

U.0 

-70 

Cyclohexene 

10.0 

0 

+5 

-15U.U 

2.0 

U.o 

-55 

6.0 

U.o 

-60 

10.0 

U.o 

-70 

2-Heptene 

10.0 

0 

>5 

-100 

2.0 

U.o 

-50 

6.0 

U.o 

-55 

10.0 

U.o 

-60 

2-Octene 

10.0 

0 

>5 

-100 

2,0 

U.o 

-55 

6,0 

U.o 

-60 

10.0 

U.o 

-■70 

Isopentane 

10.0 

0 

0 

-256 

2.0 

U.o 

-65 

6.0 

U.o 

-70 

10.0 

U.o 

-70 

n-Propyl  Ether 

10.0 

0 

+5 

-187.6 

2,0 

U.o 

-55 

6,0 

U.o 

-65 

10,0 

U.o 

-65 

Toluene 

10.0 

0 

+5 

-139.6 

2.0 

U.o 

-50 

6,0 

UcO 

-55 

10.0 

U.o 

-55 

Dodecyl  polymethacrylate,  cryoscopic  MW  UOOO 
**  Pour  point 
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1.  Isooctane  Effect  in  the  Absence  of  Depressants 

Figure  10  presents  curves  for  pour  and  cloud  point  data  as  a 

function  of  isooctane  concentration  in  three  Pennsylvania  straight  run 

oil  fractions.  Mineral  Seal,  l5o  Neutral  and  Bright  Stock.  Bef^e  dilu*" 

tion  each  oil  was  dewaxed  to  the  same  pour  point,  5®  P. 

All  observations  may  be  correlated  by  assuming  the  independent 

occurrence  of  gel  and  viscosity  pour  paints,  the  former  being  caused 

primarily  by  wax  precipitation  and  the  latter  by  an  intrinsically  high 

Newtonian  viscosity.  In  acc(a*dance  with  this  picture  each  pour  point 

obtained  represents  the  sum  of  the  contributions  from  each  of  these  two 

(12) 

effects.  Lamb  and  Murphy'  ' who  have  reported  the  effectiveness  of  low 
freezing  diesters  of  such  acids  as  adipic  and  sebacic  as  diluents  in 
lowering  the  pour  points  of  natural  and  synthetic  lubricants,  have  pro- 
posed similar  ideas.  They  attribute  the  relative  ineffectiveness  of  the 
diesters  in  high  wax  content  oils  to  their  inability  to  prevent  wax 
crystallization.  The  activity  of  the  diluents  in  low  wax  content  oils  is 
attributed  to  their  effectiveness  in  increasing  the  fluidity  of  the  blend. 

It  is  noted  that  isooctane  effects  no  change  on  the  pour  points 
of  150  Neutral  and  Bright  Stock  in  the  0-10  per  cent  and  0-7  per  cent  con- 
centration ranges,  respectively.  This  is  assumed  to  indicate  that  the 
effect  of  the  diluent  on  wax  crystallization  and  consequently  on  the 
tendency  of  the  oil  to  gel  is  negligible.  The  immediate  effect  of  low 
concentrations  of  diluent  in  reducing  the  pour  point  of  Mineral  Seal  oil 
can  be  ascribed,  in  the  same  manner,  to  an  increase  in  wax  solubility. 
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ISOOCTANE  CONCENTRATION  (WT.  %) 
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This  fact  is  home  out  by  the  carresponcJing  reduction  in  cloud  point 
which  is  a direct  measure  of  wax  solubility.  Ccc^jarison  of  the  lengths 
of  those  portions  of  the  c\u:'ves  having  zero  slope  can  be  taken  as  an  indi- 
cation that  gel  formaticai  makes  a smaller  caitribution  in  Bright  Stock 
than  in  l50  Neutral  oil. 

Attention  to  the  right  hand  portions  of  the  pour  point  curves 
will  further  show  the  relative  importance  of  gel  and  viscosity  pour  point 
fomation  on  the  physical  behavior  of  the  three  oil  fractions.  The  effective- 
ness of  isooctane  as  a po\jr  point  depressant  is  clearly  greatest  for  Bright 
Stock  and  least  for  Mineral  Seal.  If  the  effect  of  the  diluent  were  <ai  fluid- 


ity alone,  this  order  should  be  reversed  since  Jjtineral  Seal  is  the  lighter 
oil.  The  most  adequate  explanation  is  that -the  effect  of  gel  structure  in 
determining  the  pour  point  is  greatest  for  Mineral  Seal  and  least  for  Bright 


Stock.  A ccmparison  of  the  cloud  and  pom*  point  curves  for  JJineral  Seal  oil 
supports  this  conclusion.  The  close  proximity  of  the  cloud  point  curve, 
which  is  a plot  of  the  temperature  at  which  the  wax  begins  to  crystallize, 
to  the  pour  point  curve  indicates  that  there  is  an  association  betiveen  wax 
crystallization  and  pour  point. 

It  is  true  that  these  conclusions  have  been  drawn  without  detailed 
phase  diagrams  of  the  hydrocarbons  involved.  However,  the  effects  noted 
are  so  gross  it  is  believed  that  subject  to  minor  corrections  they  are  valid. 

As  a final  suggestion,  it  maybe  possible,  by  the  expansion  of  this 
study  of  the  relationship  between  cloud  point  and  pour  point  for  a variety 
of  oils  and  diluents,  to  develop  a semi-quantitative  means  for  the  deter- 
minaticsi  of  the  relative  contributions  of  gel  structure  and  Newtonian  vis- 


cosity to  the  low  temperature  properties  of  any  oil. 
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2,  Isooctane  iiffect  in  the  Presence  of  Dodecyl  Polymethacrylate 


The  action  of  isooctane  on  the  poiir  point  of  additive  treated  oil 
was  examined  more  extensively  than  those  of  the  other  diluents  menti(xied  to 
provide  a more  detailed  example  of  the  results  obtainable  ivith  a highly 
fluid  material, 

lata  plotted  in  Figure  11  illustrate  the  relationship  between 
polymer  concentrations  and  the  pour  points  of  Pennsylvania  1$0  Neutral  oil 
solutiOTis  alone  and  in  blends  containing  ten  per  cent  isooctane.  It  is 
noted  that  isooctane  modifies  markedly  the  relatively  flat  portion  of  the 
curve  occurring  at  approximately  -5o*  F fcsr  concentrations  of  additive  in 
iBo  Neutral  oil  in  the  one  to  ten  per  cent  range  and  facilitates  deparession 
to  a miniravan  of  approximately  --70“  F at  a two  per  cent  DPL(-6  concentration. 

Table  29  contains  the  results  of  experiments  carried  out  to  deter- 
mine the  effects  of  variations  in  isooctane  concentration  on  the  pour  point 
of  a four  per  cent  solution  of  dodecyl  polymethacrylate  in  Pennsylvania  1^0 
Neutral  oil.  These  data  are  limited  in  that  pour  points  lower  than  -70“  F 
could  not  be  determined  in  the  apparatus  used  but  indicate  that  the  diluent 
effect  is  a direct  function  of  concentration. 

Concentrations  of  six,  ten  and  twenty  per  cent  isooctane  in  un- 
treated Bright  Stock  are  shown  in  Table  30  to  cause  pour  points  of  0 and 
—30“  F,  respectively.  The  addition  of  four  per  cent  dodecyl  polymethacrylate 
to  each  of  those  solutions  resiilted  in  a maximum  additional  depression  of 
10“  F,  The  relative  ineffectiveness  of  the  additive  in  this  regard  offers 
further  siq^port  for  the  idea  that  gel  pour  point  formation  is  a minor  con- 
sideration in  Bright  stock. 
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FIG.  II  - POUR  POINT  DEPRESSING  EFFECT  OF  DODECYL  POLY- 
METHACRYLATE (M.W.=  14,000)  ON  PENNSYLVANIA 
150  NEUTRAL  OIL  WITH  AND  WITHOUT  ISOOCTANE 
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Table  3® 


EFFECT  OF  DC0ECYL  POLIMETHACRYLATE  ON  PENNSYLVANIA  BRIGHT  STOCK-ISOOCTANE 

BLENDS 


Isooctane  Concentration 
(wt.  % of  total  blend) 

Additive  Concentration 
(wt.^  of  oil  + add.) 

Pour  Point 
(°  F) 

6 

0 

+5 

10 

0 

0 

20 

0 

-30 

6 

U.o 

0 

10 

U.O 

-10 

20 

u.o 

-uo 
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The  te:idoncy  of  Bright  Stock  to  neutralize  the  pour  point  de- 
pressing ability  of  dodecyl  polymethacrylate  in  l5o  Neutral  .oil  is  illus- 
trated in  Table  31.  As  little  as  25  per  cent  Bright  Stock  completely 
negates  the  action  of  the  additive.  It  has  previously  been  shown  that  the 
relationship  between  additive  physical  properties  and  oil  physical  proper- 
ties is  critical  to  the  phenomena  of  pour  point  depression.  Presumably 
the  addition  of  Bright  Stock  i5>set  the  relatimship  existing  between  the 
l5o  Neutral  oil  and  DPL^. 

C.  Concluslcce 

Study  of  the  combined  effects  of  diluents  and  poxir  point  depressants 
on  mineral  oils  have  shown  that  the  pour  point  depressants  act  only  to  pre- 
vent wax-oil  gelation.  In  the  presence  of  an  active  poxir  point  depressant 
the  pour  point  of  the  oil  is  limited  by  its  viscosity-temperature  character- 
istics. The  only  materials  affecting  the  poxu:  point  further  are  those 
affecting  these  characteristics,  i.9.,  diluents.  In  the  case  of  the 
Pennsylvania  l5o  Neutral  oil  the  minimum  pour  point  attainable  with 
a depressant  appears  to  be  P.  Since  that  poxir  point  is  attained  with 
commercial  materials,  it  would  not  be  possible  to  synthesize  a depressant 
more  effective  on  that  oil.  On  the  other  hand,  since  gel  formation  is  a 
relatively  xinimportant  factor  in  the  poxir  properties  of  Bright  Stock,  de- 
pression of  its  pour  point  must  be  confined  to  the  use  of  diluents. 

The  problem  of  producing  an  aviation  oil  with  a viscosity  at  the 
working  temperature  of  aircraft  engines  high  enough  to  provide  lubrication 
and  a pour  point  sufficiently  lew  to  facilitate  starting  engines  at  arctic 
temperatures  involves  two  apparently  conflicting  properties.  The  oil  vise psity 
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POUR  POINTS  MD  VISCOSITIES  OF  P0WSTLVANIA  BRIGHT  STOCK-l5o  NEUTRAL  OIL  BLENDS 
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at  high  temperatures  must  be  high  enough  for  lubrication  and  at  low  tempera- 
tures low  enough  to  display  a low  viscosity  pour  point  in  the  presence  of 
der^’essants.  In  the  light  of  the  information,  the  most  likely  solution  other 
than  dilution  appears  to  be  the  development  of  a very  high  viscosity  index 
oil*  An  example  of  the  possibilities  may  be  found  in  the  use  of  high  con- 
centrations of  high  molec\ilar  weight  dodecyl  polymethacrylate  as  both  a 
viscosity  index  improver  and  a pour  point  depressant  in  Pennsylvania  l5o 
Neutral  oil.  Table  2U  shows  that  a viscosity  range  of  l50-3200  SUS/lOO®  F 
and  a pour  point  range  of  -35“  F to  -5o“  F may  be  attained  with  the  use  of 
the  polymer  having  an  average  molecular  weight  of  lU,000. 

VI.  POUR  POINT  DEPRESSION  OF  BLENDS  OF  PURE  n-PARAFFINS  IN  DET/AXED  PENNSYLVANIA 
150  NEUTRAL  OIL 

Studies  of  the  action  of  pour  point  depressants  on  the  natural 
waxes  precipitated  frcm  mineral  oil  is  ccmplicated  by  the  large  number  of 
chemical  components  making  up  the  wax.  Composition  and  physical  properties 
svich  as  crystal  habit  and  crystal  structure  as  well  as  changes  in  these  . 
properties  are  indeterminate. 

To  provide  a well-defined  system  in  which  changes  resulting  from 
the  action  of  pour  point  depressants  could  readily  be  recognized,  natural 
waxes  were  removed  from  Pennsylvania  l5o  Neutral  oil  by  dewaxing  at  -60“  F 
(see  Appendix  B)  and  replaced  with  pure  synthetic  normal  paraffin  hydro- 
carbcais  having  molecular  weights  and  melting  points  in  the  range  of  the 
extracted  material.  The  paraffins  used  comprised  the  series  n-eicosane  to 


WATC  7R  53-11 


71 


It  is  not  suggested  that  the  synthetic  blends  duplicate  the 


canplex  conditions  present  in  mineral  oils.  However,  preliminary  experi- 
ments disclosed  that  any  desired  pour  point  could  be  produced  with  the 
paraffins.  Moreover,  polymethacrylates  previously  found  to  be  depressants  in 
Pennsylvania  ISD  Neutral  oil  were  also  depressants  for  the  synthetic  systems* 
A*  Pour  Properties  of  Synthetic  Blends 

Figttre  12  shows  the  dependence  of  pour  point  on  wax  concentration 
for  systems  containing  single  wax  ccmponents.  Plots  of  pour  points  as  the 
reciprocal  of  the  absolute  temperature  against  the  logarithms  of  the  wax 
concentrations  are  straight  lines  typical  of  solubility  relationships.  This 
lends  credence  to  the  association  between  wax  crystallization  temperatures 
and  pour  points.  Cloud  points  follow  the  same  curves  at  temperatures  0-6®  F 
higher* 


Pour  points  were  measured  by  a micro  method  developed  to  permit 

a large  number  of  determinations  with  a minimum  quantity  of  pure  paraffins, 

(ll) 

Appendix  B*  Engel  and  Wahlberg  ' have  pointed  out  that  pour  points  due 
to  wax-oil  gelation  are  independent  of  sample  size.  Observations  made  in 
the  present  ^vork  are  in  agreement.  Wax  pour  points  of  Pennsylvania  1^0 
Neutral  oil  as  determined  by  ASTT/I  procedure  were  duplicated  with  the  micro 
technique.  In  addition,  in  the  experiments  to  be  subsequently  described, 
determinations  of  the  pour  points  of  several  samples  vath  equal  concentra- 
tions of  the  same  paraffin  wax  gave  reproducible  results. 

As  may  be  expected  for  systems  ccntainlng  more  than  one  paraffin, 
the  gelation  effect  is  colligative  if  the  components  can  fonn  a solid  solu- 
tion. If  they  cannot,  the  pour  point  observed  corresponds  to  that  produced 
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POUR  POINTS  OF  NORMAL  PARAFFIN  - DEWAXED  PENNSYLVANIA  ISO  NEUTRAL  OIL  BLENDS 


by  the  wax  precipitating  first.  This  is  shown  in  Table  32» 

B.  Habits  of  Pure  n-Paraffins  Crystallized  fran  Synthetic  Blends 

The  habits  of  the  pure  waxes  crystallized  from  eight  per  cent 
solutions  in  the  dewaxed  oil  are  illTOstrated  in  Figure  13  and  presented 
more  ccmpletely  in  Appendix  C.  The  preparations  of  the  sample  slides  are 
desciT-bed  in  Appendix  B.  Those  samples  with  cloud  points  above  room  tem- 
perature were  viewed  and  photographed  with  a Galileo  Universal  microscope, 
while  a fencer  microscope  fitted  v/ith  a cold  stage,  (see  Appendix  b),  and 
a Kodak  Visicam  camera  UTas  used  iTith  those  v;hich  crystallized  below  room 
temperature.  Phase  contrast  illimiination  was  used  in  all  cases  to  provide 
optimum  field  contrast. 

With  the  exception  of  n-eicosane  vfhich  crystallized  as  a web- 
like  network  of  needles,  the  waxes  all  precipitated  as  plates  and  blades. 
Their  marked  featiires  are  thinness  and  flexibility.  A plausible  picture 
of  the  gel  structure  may  be  developed  in  which  resistance  to  flew  results 
from  the  formation  of  an  infinite  three-dimensional  wax  system  by  the 
interlocking  or  intergrowth  of  crystals.  The  growth  of  the  wax  into  large 
thin  plates  and  blades  with  high  surface  arearvolume  ratios  results  in  a 
high  probability  for  the  process. 

C.  Action  of  Pour  Point  Depressants  on  the  Pour  Properties  of  Synthetic 
Blends 

Pour  point  depression  of  synthetic  n-^raffin  wax-  dewaxed  oil 
blends  with  acrylic  polymers  showed  a parallel  Td.th  results  obtained  in 
Pennsylvania  l50  Neutral  oil  bearing  natural  wax.  Dodecyl,  tetradecyl  and 
hexadecyl  polymethacrylates  were  depressants  in  both  natural  and  synthetic 


-a 


7U 


WADc  m 53-11 


75 


n-i:iCG3AlJi: 
(CLOUD  POILT  38°  F) 
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(Cloud  point  92°  F)  (CijOUD  point  10b°  F) 

FIG.  13  - SYNTHETIC  n-PAHAFFIN3  (8.00  WT.  PNR  CiCNT)  CRYSTALLlZjilD 
FROM  DNWAXiSD  PRNNUIlVANIA  I50  NNUTRAL  OIL 
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blends.  Octyl,  decyl  and  undecyl  polymethacrylates  and  octyl  and  decyl 
polyacrylates  which  had  been  ineffective  in  the  original  oil  were  also  non- 
depressants in  blends  of  n-octacosane  and  n-eicosane  TrLth  the  dewaxed  oil. 

It  was  found  that  such  commercial  depressants  as  Paraflow,  Santopour  and 
Pourex  also  depressed  the  pour  points  of  the  synthetic  blends. 

In  correlating  the  effects  of  the  polymers  on  n^icosane  and  n- 
octacosane  blends,  the  bar-graphs  shown  in  Figure  lU  emphasize  the  relation- 
ship betvTeen  additive  and  vrax  concentraticns,  additive  pour  point  depressing 
activity,  and  pour  points  in  the  absence  of  depressants.  The  cfeta  therein 
presented  are  termed  "pour  point  depression",  "weak  poxir  point  depression" 
and  "no  pour  point  depression"  because  of  the  limitaticais  of  the  micro 
method.  As  was  previously  explained,  the  larocedure  is  satisfactory  only 
for  determining  wax  pour  points.  Pour  point  depressants  prevent  wax-oil 
gelation  and  consequently  the  occurrence  of  wax  pour  points.  In  the  absence 
of  strong  gelation,  a viscosity  pour  point  is  observed  and  it  is  affected 
markedly  by  sample  size.  Since  viscosity  pour  points  are  empirical,  their 
values  are  not  noted  except  qualitatively  as  follows;  Experiments  carried 
out  with  blends  in  the  absence  of  depressants  had  shown  that  the  pour 
points  occurred  no  more  than  six  degrees  below  the  cloud  points.  Additives 
which  did  not  increase'  that  range  vfere  considered  non-depressants.  On  the 
other  hand,  it  was  empirically  found  that  additive  blends  which  poured 
20  degrees  below  their  cloud  points  had  pour  points  considerably  lower,  and 
that  the  sample  displayed  a gradual  increase  in  viscosity  in  the  range  of 
its  pour  point  typical  of  an  approach  to  a viscosity  pour  point.  As  a 
consequence,  these  samples  were  considered  to  display  "pour  point  depression". 
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n-OCTACOSANE  DEWAXED  PENN.  ISO  NEUTRAL 
TREATED  WITH 


n -EICOSANE 

DEWAXED  PENN.  ISO  NEUTRAL  OIL 
TREATED  WITH 


DODECYL 

POLYMETHACRYLATE 


TETRADECYL 

POLYMETHACRYLATE 


HEXADECYL  I 
POLYMCTHACRYLATE 


DODECYL 

POLYMETHACRYLATE 


TETRADECYL 

POLYMETHACRYLATE 


POOR  POINT  DEPRESSION  » 20»F  . 
WEAK  POUR  POINT  DEPRESSION  < 20*  F 
NO  POUR  POINT  DEPRESSION 


FIG.  14 

WAX  CONCENTRATION -POUR  POINT  DEPRESSANT  CONCENTRATION  RELATIONSHIP 

FOR 

PURE  NORMAL  PARAFFIN  — DEWAXED  OIL  BLENDS 
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POUR  POINT  OF  UNTREATED  SAMPLE  PF) 


Those  blends  with  spans  of  6-20  degrees  between  their  cloud  and  pour 
points  were  considered  to  display  "weak  pour  point  depression". 

The  marked  feature  of  the  pour  point  depressing  process  is  the 
specification  of  a limiting  value  for  wax  concentration  beyond  which  pour 
point  depression  will  not  occur.  In  most  cases  3*00-3.50  per  cent  addi- 
tive depresses  the  pour  point  of  that  maximum  wax  ccmcentration  and 
increasing  the  additive  to  6.50  per  cent  does  not  increase  the  amount  of 
wax  cn  which  the  additive  is  effective.  The  limiting  wax  concentration 
appears  to  be  partially  dependent  upon  the  additive  structure.  For  the 
ccmbination  studied  polymettecrylate  activity  increases  with  ester  chain 
length.  Of  special  interest  is  the  ability  of  tetradecyl  polymethacrylate 
to  depress  the  pour  point  of  a blend  containing  as  much  as  17  per  cent 
n-eicosane. 

D.  Effect  of  Poiar  Point  Depressants  on  the  Habits  of  Pure  n-Faraffins 
Crystallized  frcm  Synthetic  Blends 

Investigation  of  the  crystal  habits  of  pure  normal  paraffin  waxes 
crystallized  out  of  oil  has  shown  that  all  instances  of  pottr  point  depression 
are  accanpanied  by  changes  in  wax  crystal  habit.  Tfhen  the  pure  normal 
paraffin  waxes,  the  habits  of  which  are  illustrated  in  Figure  13  and  shovm 
canpletely  in  Appendix  C,  were  crystallized  in  the  presence  of  hexadecyl 
polymethacrylates,  the  crystal  habits  exemplified  in  Figure  resulted. 

The  entire  series  of  habits  appears  in  Appendix  C.  The  principal  character- 
istic change  in  the  crystals  precipitated  from  additive  solution  is  their 
decrease  in  surface  area:volume  ratios.  Their  bulkiness  is  evident  in  their 
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15A.  n-IMIEI COSMS  I5B  rwDOCOBAIE 


I5D  IV.OCTACOSMB 


FIG.  15  - Sli^TiiaTIC  rt-PARAFFINS  (,g.00  WT.  PSR  CSlilT) 
CRISTALLIZilD  JiHK  DSWAASDl  PMKSrLVMU 
150  NEUTRAL  OIL  CONTAINlI^G  HBAADECYL 
K)LJ^iViETHACR^iATE  (3.50  WT.  PER  CENT) 
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shapes  and  the  increased  ease  v/ith  which  they  could  be  distinguished  under 
the  microscope.  Another  item  of  interest  is  the  increase  in  crystal  size 
from  n-eicosane  to  n-triacontane. 

The  dependency  of  the  crystal  habit  of  n-octacosane  upon  the  ester 
chain  length  of  polynethacrylates  is  shovm  in  Figures  l6  and  17.  Those 
polymers  which  did  not  depress  the  pour  points  of  n-octacosane-detjaxed  oil 
blends  did  not  affect  the  crystal  habit  of  the  precipitated  ivax.  Figure  l6, 
while  those  which  were  depressants  caused  habit  changes.  Figure  17.  In 
corresponding  tests  with  canmercial  additives,  Figure  17,  all  instances  of 
depression  are  acccmpanied  by  altera ticais  in  wax  crystal  habit.  A ccriplete 
series  of  photomicrographs  may  be  found  in  Appendix  C. 

The  relationship  between  pour  point- depressing  activity  and 
ability  to  cause  changes  in  crystal  habits  for  dodecyl,  tetradeoyl  and 
hexadecyl  polymethacrylates  is  found  in  a comparison  of  photomicrographs 
presented  in  Figure  17.  It  is  noted  that  the  hexadecyl  polymer  which  had 
been  shown  to  depress  the  greatest  concentration  of  n-octacosane  prodticed 
the  greatest  change  in  crystal  habit,  while  the  -twelve  carbon  ester  exerted 
the  least  influence  cxi  both  the  pour  and  crys-tal  properties  of  the  blend. 

The  magnitude  of  the  alteration  in  habit  is  reflected  in  a progressive 
increase  in  the  bxilkiness  of  the  crystals  fi*cm  thin  sheets  to  irregularly 
shaped  plates  and  tablets  formed  in  the  presence  of  dodooyl  polymethacryla-te 
to  long  massive  needles  with  the  hexadecyl  polymer. 

Analysis  by  x-ray  diffraction  of  n-octacosane  and  n-heptacosane 
blemds  with  dewaxed  oil  below  -their  cloud  points  showed  that,  despi-te  gross 
ckianges  in  crystal  habit  due  to  tetradeoyl  polymethacrylate,  the  crys-tal 
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CRYSTAliLIZED  FROM  DEWAXED  PENNSYLVANIA  150  NEUTRAL  OIL 
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structure  is  neither  changed  basically  ncr  slightly  deformed.  Reflection 
intensities  for  the  n-heptacosane  blend  obtained  mth  the  Phillips-Norelco 
X-Ray  ^ectrpphotcmetar  in  conjunction  with  a Geiger  counter  are  given 
in  Figure  18.  Crystal  habit  changes  occurring  in  the  absence  of  struc- 
ture changes  may  be  attributed  to  a surface  phenomenon  such  as  adsorption. 

E.  Conclusions  as  to  the  Mechanism  of  Pour  Point  Depression 

On  the  basis  of  the  crystallographic  and  pour  characteristics 
of  the  blends  of  synthetic  pure  narmal  paraffin  hydrocarbons  and  dewaxed 
Pennsylvania  l5o  Neutral  oil,  a mechanism  for  the  action  of  pour  point 
depressants  may  be  proposed.  The  occurrence  of  a wax  pour  point  is 
attributed  to  the  ability  of  the  crystallized  wax  to  form  a rigid  three- 
dimensional  structure  by  crystal  interlocking  or  intergrowth.  In  the 
absence  of  a poxir  point  depressant  the  waxes  studied  crystallize  as  thin 
extensive  sheets  with  a high  ratio  of  siarface  area;volume.  This  growth 
process  resvilts  in  a high  probability  of  intercrystalline  contact  and, 
irrespective  of  the  mechanism  of  bonding,  fosters  gelation  by  the  process 
suggested. 

The  action  of  the  additive  in  lowering  the  pour  point  is  to 
produce  a wax  crystal  modification  less  susceptible  to  formation  of  a 
continuous  network.  The  adsorption  of  the  depressant  by  crystal  faces 
would  inhibit  further  deposition  on  those  faces  causing  a change  in  the 
relative  growth  rates  of  all  faces  and  resulting  in  an  altered  habit.  In 
the  cases  of  the  pure  hydrocarbons,  the  adsorption  of  the  polymethacrylates 
by  the  ordinarily  rapidly  growing  faces  is  considered  to  cause  the  change 
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INTENSITY 


FIG.  18- EFFECT  OF  POUR  POINT  DEPRESSANT  ON  X-RAY  DIFFRACTION 
PATTERNS  OF  n - HEPTACOSANE 
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in  habit  frcan  the  large  thin  plates  to  bulkier  crystals.  In  addition 
to  causing  a habit  change  to  one  less  susceptible  to  gelation,  the 
adsorption  of  the  depressant  may  render  the  additive  coated  faces 
relatively  inaccessible  to  intercrystalline  bonding.  Thus,  the  action 
of  the  polymethacrylate  depressants  in  being  adsorbed  by  crystal  faces 
of  precipitating  pure  paraffin  hydrocarbons  may  be  twofold.  First, 
they  decrease  the  probability  of  intercrystalline  cciitact  thereby  produc- 
ing a habit  vrlth  a decreased  ability  to  form  the  continuous  tox  net- 
work. Second,  the  crystal  face  bearing  the  adsorbed  additive  may  be 
relatively  inaccessible  to  the  crystal  interlocking  or  intergrowth 
causing  gelation. 

F.  Properties  of  Additives  Requisite  to  pour  Point  Depressing 
Activity 

Molecular  requirements  of  pour  point  depressants  as  fixed  by 
studies  of  acrylic  polymers  appears  to  be  a branched  chain  structure 
in  which  the  side  chain  length  is  at  least  twelve  carbon  atcans.  The 
optimum  over-all  molecular  weight  will  be  determined  by  the  functional 
groups  present  in  the  molecule  but  in  general  must  be  commensiarate 
■with  sui -table  over-all  physical  properties. 

For  instance,  as  a rough  r\ile  of  the  thumb  it  is  believed 
that  the  polymer  must  be  deposited  frcm  oil  solution  •with  wax  to  be 
effective  as  a depressant.  Thus,  the  additive  molecular  weight  must 
be  such  as  to  exhibit  the  proper  solubility  in  the  particular  oil 
to  be  -treated. 
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VII.  SYNTHESIS  OF  POUR  POIi'-^T  DEPRESSANTS  - CONDENSATION  POLYi'ERS 


Syntheses  of  new  pour  point  depressants  were  carried  out  using 

the  molecular  design  prescribed  in  the  preceding  section.  A polyesteri- 

fication,  a reaction  of  a dibasic  acid  and  a dihydric  alcohol,  was  chosen 

to  provide  condensation  polymers  'with  well-defined  compositions.  The 

experimental  procedures  are  described  in  Appendix  B.  The  need  for  ar 

alkyl  chain  of  at  least  12  carbon  atoms  was  met  with  the  use  of  such 

cmpovinds  as  1,2-tetradecanediol  and  glycerjrl  monolaurate,  while  succinic 

and  phthalic  anhydrides  provided  the  pol.-^miors  vath  aromatic  and  aliphatic 

bacld)ones.  The  follcs'd.ng  is  a list  of  the;  materials  synthesized.  Their 

structures  are  illustrated  in  Figure  19, 

poly-1, 2-tetradecylene  succinate 

poly-1, 2-hexadecylene  succinate 

poly-l,2-tetradecylene  phthalate 

poly-1, 2-hexadecylene  phthalate 

polylauroylglyceryl  phthalate 

polystearoylglyceryl  phthalate 
figure 

K)LY-1 , 2-  TETHADECY1.ENE  SUCCINATE 

0 0 


r~o  — 
n 0=CCH2CH2C=0 


+ n CHOHCH2OH 
I 

Ci2H25 


-CCH2CH2CCCH2CH20- 
C12H25 


A critical  factor  providing  requisite  physical  properties  is  the 
molecular  weight  of  the  polymer.  In  the  cases  of  the  condensation  products, 
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the  problem  wag  the  attainment  of  molecular  weights  high  enough  to  provide 
depressant  activity.  This  vrais  accomplished  by  the  use  of  vigorous 
conditions  for  the  removal  of  water,  the  product  of  the  esterification, 
from  the  reaction  mixture  (Appendix  B)  > Active  depressants  were,  in  all 
cases,  soft,  rubbery,  tacky  solids  having  average  molecular  weights  at 
least  in  the  range  of  3000. 

A.  Definition  of  Pour  Point  Depressing  Requirementa 

The  ultimate  object  of  the  syntheses  vrais  to  produce  an  additive 
capable  of  depressing  the  pour  point  of  a blend  of  oil  formulated  to  meet 
specification  No#  UIL-L-6o82A  for  grade  1100  aviation  oil.  The  two  base 
stocks  used  were  typical  blends  of  Bright  Stock  and  Neutrals  sold  as  1100 
grade  aviation  lubricants  vTith  the  exception  that  they  contained  no  poiir 
point  depressant.  The  pour  points  of  these  products  determined  in  our 
laboratories  were  20  and  25®  F.  Specification  No,  MIL-L-6o82A  required 
that  those  pour  points  be  reduced  to  at  least  10®  F. 

B.  Pour  Point  Depression  with  Condensation  Polymers 

It  had  been  established  that  the  problem  was  to  synthesize  a 
material  capable  of  depressing  the  pour  point  of  a blend  of  Bright  Stock 
and  less  viscous  vrax-bearing  Neutral  oil  with  a pour  point  of  approximately 
20®  F,  Tests  carried  out  with  dodecyl  and  tetradecyl  polymethacrylates  in 
Pennsylvania  l5o  Neutral  oils  with  pour  points  of  5 and  30®  F and  in  the 
IlOO  grade  aviation  oil  disclosed  that  only  the  depressant  capable  of 
effecting  the  higher  pour  point  Neutral  vas  a depressant  in  the  aviation 
blend,  Dodecyl  polymethacrylate  was  active  in  the  l50  Neutral  with  a 5®  F 
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pour  point  but  not  in  either  the  Neutral  \7ith  the  pour  point  of  30®  F or 
in  the  1100  grade  oil.  On  the  other  hand,  the  tetradecyl  polymer  which 
was  effective  in  both  of  the  l5o  Neutrals  depressed  the  pour  point  of 
the  aTiaticwx  oil  to  -10®  F.  It  was  also  noted  that  stearyl  polymethacrylat© 
was  too  insoluble  in  any  of  the  oils  to  be  a depressant. 

This  data  proved  valuable  in  the  preparation  of  an  effective 
condensation  polymer.  The  dodecyl  derivatives,  which  were  the  first 
synthesized,  poly-1, 2-tetradecylene  succinate,  poly^l,2-tetradecylene 
phthalate  and  polyia\iroylglyceryl  phthalate  were  all  inactive  in  1100 
grade  aviation  oils.  Likeivise,  tests  carried  out  with  the  two  Pennsylvania 
l5o  Neutral  oils  disclosed  that  those  materials  were  depressants  in  the  low 
pour  point  oil  but  not  in  the  high.  This  paralleled  the  activity  of  dodecyl 
polymethacrylate.  In  addition,  it  was  found  that  polystearoylglyceryl 
phthalate  --as  not  a depressant  due  to  its  1(W  solubility  in  the  oils. 

In  view  of  the  conparison  betvreen  the  activities  of  the  polyw 
meth''crylates  and  the  condensation  polymers,  emphasis  was  placed  on  the 
synti^esis  of  structures  corresponding  to  tetradecyl  polymethacrylate. 

The  first  such  material  was  a poly— 1,2-hexadecylene  phthalate.  It  showed 
pour  point  depressing  activity  in  the  aviation  oil  equal  to  those  of 
commercial  depressants  and  in  a range  which  indicates  that  optimum  de- 
pression has  been  achieved.  Pertinent  data  are  presented  in  the  next 
section. 

C.  Evaluation  of  Poly-l»2-hexadecylene  Phthalate 

The  poly-1, 2-hexadecylene  phthalate  found  to  be  effective  as  a 
povir  point  depressant  for  aviation  oil  has  the  typical  appearance  of  a 
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taffy-like  solid  with  no  noticeable  tendency  to  crystallize.  It  ■I'vas  pre- 
pared at  180“  C (356°  F)  and  no  tendency  for  the  pure  material  to  degrade 
thermally  was  noted  at  that  ten5)erature.  Other  physical  properties  appear 
in  Table  33. 


Table  33 


PHYSICAL  PROPERTIES  OF  POLY-1, 2 -HEXADECYLENE  PHTHkUTE 
PREPARED  AS  POUR  POINT  DEPRESSANT 


Vapor  Pressure 
Freezing  Point 
Flash  Point 
Viscosity 
Density 

Average  Molecular  Weight 
Evaporatioan 
Solubility 


< 1 mm  Hg  at  l8o°  C (356°  F) 
glass 
> 5oo°  F 

>2000  SUS/210°  F 
approximately  0.9 
3000 
ncxie 

Soluble  in  chlorinated  solvents, 
benzene,  petroleum  ether  (65-ll0) 
slightly  soluble  in  alcohol 


The  effect  of  this  material  on  two  typical  conmercial  UOO  grade  aviation 
oils  is  shown  in  Table  3U«  The  data  shows  clearly  that  its  activity  as 
a pour  point  depressant  is  at  least  equivalent  to  that  of  two  well-known 
ccmmercial  materials,  Paraflow  U6X  and  Acryloid  l5o.  As  may  be  surmized, 
the  effect  of  poly-1, 2-hexadecylene  phthalate  on  Pennsylvania  1100  grade 
aviation  oil,  as  shown  by  the  data  contained  in  Table  35,  is  negli^ble. 
The  results  of  corrosion  and  oxidation  stability  tests  are  given  in  Tables 
36  and  37.  Rust  inhibition  was  measured  by  the  static  water  drop  test. 
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Table  35 

PHYSICAL  PROPERTIES  OF  PENNSYLVANIA  IlOO  GRADE  AVIATION  OIL  A 
COMPOUNDED  WITH  POLY-1, 2 -HEXADECYLENE  PHTHALATE 


Poly-1, 2-Hexadecylene  Phthalate 
Uhtreated  Oil  Treated  Oil 


Flash  Point 

ii80*F 

U8o”F 

Fire  Point 

520"F 

520®F 

Ash 

0.005? 

0.00^ 

Precipitation  mmber 

0.00 

0.00 

Sulfur 

0.07U/? 

0.000^ 

Viscosity  100“F  (SUS) 

1096.8 

10U7.U  ■ 

Viscosity  2lO‘’F  (SUS) 

97.8 

96.U 

Viscosity  index 

loU 

io5 

Color-Tag  Scale 

1.3 

1.2 

Color-NPA  Scale 

7 

7 

Conradson  Carbon 

0.675? 

0,6h% 

Table  36 

RESULTS  OF  THE  STATIC  WATER  DROP  TEST 
PEI'T^'SYLVANIA  1100  GRADE  AVIATION  OIL-A 

Corrosion  Scale  Nwiber 


1 Hour 

2li  Hours 

U8  Hours 

Observations 

Untreated  Oil 

il-6 

5-8 

8-8 

Black  and  red  corrosion 
products 

Oil  Containing  Poly-1, 
2-hexadecylene  Phthalate 

1-1 

3-7 

5-10 

Black  corrosion  products 
Black  ann\ilar  ring  around 
bubble  area 
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Table  37 


OXIDATION  TEST  DATA 
PENNSYLVANIA  IlOO  GRADE  AVIATION  OIL 

Oil  Ccaitaining  Poly-1, 
IMtreated  Oil  2-hexadecylene  Phthalate 


Neutralization  Number 

Uhoxidized  oil  0.036 

Oxidized  oil  I4.88 

Vol.  acids  generated(mg.KOH/nig.oil)  2.U 

Viscosity  at  100“F  (ca.) 

Uhoxidized  oil  238.9 

Oxidized  oil  252.6 

Condition  of  Ifetal  Catalysts 

Aluminum  no  corrosion 

Copper  very  slight  stain 

Steel  no  corrosion 

Color  of  Oil 

Unoxidized  oil  brown-  -green 

Oxidized  oil  red  brown 


0.087 

3.90 

1.5 


22li.2 

27U.9 


no  corrosion 
heavily  etched 
no  corrosion 


brovm-green 

red-brown 
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A specially  prepared  1020  steel  specimen  containing  a conical  depression 
was  immersed  in  the  oil  and  equilibrated  fcr  one  hour  at  6o®  C.  0.2  ml  of 
doubly  distilled  water  was  added  to  the  depression  and  the  sample  was  monitored 
at  1,  2h  and  Ii8  hour  intervals.  The  relative  density  and  area  of  corrosion 
are  indicated  by  a two  digit  scale  of  10.  The  first  number  is  the  corrosion 
density  and  the  second  mmber  is  the  area  covered  by  the  resultant  drop.  A 
figure  of  "Ii-6"  would  be  interpreted  as  a moderately  heavy  concentration  of 
corrosion  products  covering  6o  per  cent  of  the  bubble  area. 

The  oocidation  stability  of  the  two  blends  was  determined  in  the 
presence  of  dissimilar  metal  couples  under  carefully  controlled  accelerated 
conditions  of  aeration  and  temperature  in  an  apparatus  of  the  type  described 
in  Bureau  of  Aeronautics  ^>ecificaticai  liiLl6  (Aer) . The  changes  in  neutraliza- 
tion number,  viscosity  and  amount  of  evolved  volatile  acids  were  monitored. 

In  addition,  the  polished  steel,  copper  and  aluminm  surfaces  were  checked 
for  evidence  of  corrosion.  The  resvilts  are  summarized  in  Table  37-  There 
are  no  significant  differences  between  the  two  oils  on  the  basis  of  this 
test  since  the  fact  that  the  blend  containing  the  pour  point  depressant 
etches  the  copper  surface. 


VIII.  RHEOLOGICAL  STUDIES  OF  LUBRICATING  OILS 

A.  Pennsylvania  Igo  Neutral  oil  Below  the  Four  Point 

1.  Studies  with  the  Inter  chemical  Rotational  Viscometer 
Initial  studies  on  the  rheology  of  wax  bearing  lubricating  oils 
below  the  pour  point  were  confined  to  one  oil,  a Pennsylvania  l5o  Neutral 
oil  which  had  been  dewaxed  to  a pour  point  of  +5®  P (—15°  C).  The  ncn- 
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Newtonian  flow  behavior  of  this  oil  at  -25“  and  -30°  C (-13°  and  -22°  f) 
as  observed  with  the  Interchemical  Rotational  viscraneter  has  been  described 
detail  in  previous  reports^^^^  and  is  also  summarized  in  a publication 
which  is  included  in  this  repcrt  as  Appendix  D.  Only  the  ess.intial  points 
and  conclusions  of  that  work,  therefore,  will  be  presented  here. 

In  this  exploratory  experimentation  it  was  found  that  Pennsylvania 
l50  Neutral  oil  below  its  pour  point  exhibited  two  distinctly  different 
types  of  thixotropy, superimposed,  when  studied  in  the  concentric-cylinder 
rotational  viscometer.  ITlien  subjected  to  shearing  at  low  shear  rates  the 
apparent  viscosity  of  the  oil  decreased  irreversibly  as  a function  of  time 
to  a minimum  viscosity.  At  high  shear  rates  thj.s  irreversible  decrease 
beccmes  too  rapid  to  be  observed  experiraentAlly,  hcwever,  another  thixotropic 
effect  wliich  is  reversible  becomes  pronounced. 

The  former  effect,  i.e.,  the  thixotropy  at  lo^v  rates  of  shear,  was 
interpreted  as  due  to  the  irreversible  breakdoiTO  in  the  rigid  structure 
built  up  of  wax  crystals  in  the  oil  below  the  pour  point,  whereas  the  high 
ahoar  rate  phenomenon  is  thought  to  be  due  to  either  molecular  orientation 
or  frictional  heating  effects,  or  both, 

A mathematical  analysis  of  frictional  heating  in  a rotational 
viscometer  was  carried  out  and  found  to  have  an  appreciable  effect  at  high 
rates  of  shear,  sufficient  to  account  for  a large  part  of  the  thixotropic 
effect.  This  analysis  is  presented  in  detail  in  Appendix  D.  As  for  the 
- - ' 

Throughout  this  report  the  term  "thixotropy"  is  defined  as  a time  or 
shear  dependence  of  consistency  or  apparent  viscosity,  and  not,  as  it 
is  sometimes  used,  to  mean  general  non-Newtonian  flow  characteristics. 


breakdown  at  low  shear  rates,  experiments  were  conducted  on  a synthetic 
blend  of  a pure  hydr'^carbon  wax,  n-octacosane,  in  Pennsylvania  l5o  Neutral 
oil.  This  blend,  having  a pour  point  above  room  temperature,  was  studied 
at  30“  C in  a modified  Stormer  visccaneter  with  which  the  betevior  of  the 
oil  at  low  shear  rates  could  be  studied  much  more  precisely  than  with  the 

Interchemical  viscometer.  This  study  revealed  that  under  conditions  where 

* 

frictional  heating  of  the  oil  could  be  neglected,  the  thixotropic  effect 
was  indeed  irreversible,  representing  a permanent  (within  the  time  scale 
of  the  experiments,  i.e.,  a few  hours)  decrease  in  viscosity  of  the  oil 
due  to  shearing.  An  important  finding  in  this  study  was  that  the  decrease 
in  viscosity  of  the  oil  due  to  shearing  is  a regular  function  of  the  work 
done  in  shearing. 

Recent  investigations,  which  are  reported  in  the  following  sec- 
tions of  this  report,  have  extended  the  studies  with  the  modified  Stormer 
viscometer  to  natural  oils  below  their  pour  points  at  low  temperatures. 

It  will  be  seen  that  the  rheological  behavior  of  Pennsylvania  150  Neutral 
oil  below  the  natural  gel  pour  point  is  precisely  the  same  as  the  behavior 
of  the  same  oil  artificially  loaded  with  wax  at  higher  temperatures.  More 
precise  measurements  of  the  minimum  sheared  viscosity  of  this  oil  at  low- 
temperatures  have  permitted  new  calcvilations  of  the  frictional  heating 
effect  at  high  rates  of  shear,  which  are  in  much  closer  agreement  with  da-ta 
from  the  Interchemical  viscometer  than  previously  reported. 

2.  Experiments  with  the  Modified  Stormer  Viscometer 

Experiments  with  a synthetic  bland  of  dewaxed  l5o  Neutral  oil 
containing  sufficient  n-octacosane  to  produce  a pour  point  above  room 


WADG  TH  33-31 


96 


temperature  demonstrated  that  the  thixotropy,  or  decrease  in  viscosity 
due  to  shearing, was  irreversible  and  an  additive  function  of  the  work 
done  in  shearing  (see  ^.^r-cndix  D).  None  of  the  reversible  apparent 
thixotropy  observed  for  150  Ne  itral  at  low  temperatures  during  pro- 
longed shearing  at  high  shear  rates  in  the  Interchemical  viscometer  vra,s 
observed.  The  next  step  in  the  research  was  to  determine  whether  this 
behavior  is  typical  of  a wax-bearing  oil  having  a pour  point  at  low  tem- 
peratures. Experiments  were  conducted  on  iSo  Neutral  oil  having  a pour 
point  of  +5*  F (-l5“  C),  which  is  the  same  oil  used  in  the  initial  experi- 
ments with  the  Interchemical  visconeter. 

(a)  Experimental  Methods 

For  the  purposes  of  these  experiments  the  Stormer  visccaneter, 
modified  according  to  Fischer^^^^  was  adapted  for  low  temperature  use. 
Features  of  the  adaptation  on  the  Stormer  viscometer  itself  are  shown 
in  Figure  20.  The  visconeter  bath  was  insulated  with  glass  wool  and 
fitted  with  a lucite  cover.  The  bob  and  bearing  assembly  were  protected 
from  atmospheric  moisture  by  a glass  sleeve  which  was  flooded  with  dry 
nitrogen  throughout  the  experiments.  Isopropyl  alcohol,  used  as  a coolant, 
Tjas  circulated  through  the  bath  from  an  external  cooling  system. 

Several  systems  for  cooling  and  thermostating  the  bath  liquid 
were  tried.  The  two  most  satisfactory  systems  are  shown  dia grammatically 
in  Fig\ire  21,  Syston  A,  which  involvea  adjustment  of  the  volume  flow  of 
the  circulating  liquid  through  coils  in  a dry  ice-Acetone  bath  and  regula- 
tirai  by  means  of  an  intermittent  heater  operated  tlarough  the  control  circuits 
of  a liicroroax  recording  potentiometer,  gave  satisfactory  temperature  control 
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FIG  20  - STORMER  VISCOMETER  MODIFICATIONS 
FOR  LOW  TEMPERATURE  USE. 
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A.  AUTOMATIC  COOLING  SYSTEM. 


B.  MANUAL  COOLING  SYSTEM. 


FIG.  2 1-COOLING  SYSTEMS  FOR  THE  STORMER  VISCOMETER 
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of  + 0.1®  C or  better  down  to  -20®  C.  System  B,  virhich  is  reccmmended  for 

its  simplicity,  is  entirely  manual,  but  proved  to  be  quite  satisfactory 
to  temperatures  below  -30*  C.  In  the  latter  case  tempera t\ire  adjustment 
is  made  by  means  of  a variac  controlling  the  voltage  csn  the  motor  of  a 
centrifugal  circulating  pump. 

The  sample,  first  having  been  heated  to  100®  C, was  placed  in 
the  viscometer  cup,  the  bob  set  in  place  and  the  bath  cooled  to  the  tempera- 
ture of  the  experiment.  iKLess  otherwise  noted,  the  sample  was  allowed  to 
remain  at  the  temperature  of  the  experiment  for  thirty  minutes  before 
shearing  was  begun.  Calculation  of  the  cumulative  work  which  had  been 
done  in  shearing  a sample  was  accomplished  by  keeping  a careful  record  of 
the  shearing  history  of  the  sample  during  an  experiment.  For  any  constant 
load,  L,  the  number  of  revolutions,  © , of  the  viscometer  bob  at  that  load 

Xi 

was  recorded.  This  data  is  readily  available  since  the  Stormer  viscometer 
incorporates  a bob  revolution  counter.  The  total  work  of  shearing  in  the 
time,  t,  is  given  approximately  by  the  following; 

* S e(t)  dt 

TOierej  ^ “ work  done,  in  ergs/om^. 

S “ shearing  stress,  in  dynes/cm  . 

e(t)  ■ rate  of  shear,  in  sec**^,  which  is  a 
function  of  time. 


Since; 


S - k^L 

• • 

e *»  kg©  , 


where  k,  and  kg  are  instrumental  constants  'and  9 is  the  bob  speed,  then 


(16) 


100 


(2) 


W o k^k2  L 


W » k^k2  L e. 


e (t)  dt 

L 


(b)  Shear  Breakdovm 

Just  as  in  the  case  of  the  synthetic  blend,  Pennsylvania  150 
Neutral  oil  containing  its  natural  waxes  was  found  to  exhibit  an  irreversible 
thixotropy  which  was  a function  of  the  work  \Thich  had  been  done  in  shearing, 
irrespective  of  the  load  or  shearing  stress  at  which  the  work  was  done. 

Figure  3 shows  the  apparent  viscosity  plotted  as  a function  of  the  work  of 
shearing.  As  is  necessarily  the  case  with  the  Stormer  viscaneter,  the 
shearing  was  not  continuous,  since  after  about  100  revolutions  of  the  visco- 
meter bob  the  line  to  which  the  load  is  attached  must  be  rewound.  Figure  22, 
then,  shows  the  results  of  successive  viscosity  measurements  plotted  as  a 
function  of  the  cumulative  work  done  in  making  the  measurements.  The  fact 
that  widely  different  loads  corresponding  to  different  shearing  stresses 
were  used  and  give  points  which  fall  on  the  same  curve  is  proof  that  at 
any  stage  during  shear  breakdown  the  oil  is  a Newtonian  fluid  with  a true 
coefficient  of  viscosity.  If  plastic  flew  exists,  it  is  in  the  very  early 
stages  of  breakdown.  TMs  point  is  further  illustrated  by  the  two  con- 
sistency curves  plotted  from  the  data  in  Figure  22  and  shown  in  Figure  23# 
These  curves  are  linear  through  the  origin  as  for  NCT-iionian  fluids.  The 
curve  representing  an  average  work  of  shearing  of  6 x 10°  ergs/cm  shms 
a departure  from  linearity  (broken  line)  which  is  due  to  the  change  in  vis- 
cosity with  the  work  expended  in  determining  the  curve# 
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SYMBOL  SHEARING  STRESS 
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WORK  OF  SHEARING  (ERGS./ CM®) x 10'^ 

FIG.  22— SHEAR  BREAKDOWN  OF  PENN.  150  NEUTRAL  OIL  AT  THE  POUR  POINT,  - I5®C  ( + 5®F) 
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FIG. 23 -CONSISTENCY  CURVES  FOR  PENN.  ISO  NEUTRAL  OIL  AT  THE  1=OUR  POINT, 

-I5*C  (T  5*F),  at  PARTIAL  AND  COMPLETE  BREAKDOWN.  (DATA  FROM  FIG. 22) 


The  upper  curve  of  Figure  23  represents  the  minimum  sheared 
viscosity  or  the  lop^est  viscosity  which  can  be  obtained  as  a result  of 
shearing  at  C.  This  curve,  along  with  similar  consistency  curves 


for  the  oil  at  its  minimum  viscosity  at  -20**  C and  -2^®  C are  I,' 

Figure  2U«  In  all  of  these  cases  the  oil  in  the  completely  sheared 
state  is  seen  to  be  a Newtonian  fluid  with  consistency  curves  which  are 
linear  through  the  origin. 

Reference  has  been  made  to  the  irreversible  nature  of  the  shear 
breakdown  of  Pennsylvania  l5o  Neutral  oil  at  low  rates  of  shear.  A care- 
ful investigation  has  shown  that  this  is  true  only  if  the  experiments  are 
carried  out  under  as  nearly  isothermal  conditions  as  possible.  The  sensitiv- 
ity of  viscosity  to  slight  temperature  fluctuations  at  any  stage  of  break- 
down, and  the  dependence  of  viscosity  on  crystallization  is  shown  in  Figure 
25.  In  this  case  shearing  was  begun  after  only  l5  minutes  soak,  instead  of 
the  customary  30  minutes  soak  at  the  pour  point.  The  liquid  was  evidently 
supercooled  and  crystallization  was  initiated  by  shearing.  The  viscosity 
rose  at  first  and  then  began  to  drop  with  shearing  in  the  customary  manner. 
The  effect  of  a temporary  drop  in  temperature  of  0.5“  C and  1®  C is  shown. 
There  was  no  increase  in  viscosity  during  1.5  hours  of  no  shearing  at 
constant  temperature. 

The  foregoing  observations  are  readily  explained  if  it  is  assumed 
that  shear  breakdown  consists  of  degradation  of  a network  of  intergrown 
wax  crystals,  since  a drop  in  temperature  would  cause  new  intergrowth  frcan 
the  saturated  solution.  Even  at  constant  temperature  one  would  e:qpect  alow 
recrystalliaation  and  an  increase  in  viscosity  over  a period  of  several  hours 
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WORK  OF  SHEARING  (ERGS/CM®)  x 10"’^ 

FIG. 25- SENSITIVITY  OF  SHEARED  VISCOSITY  TO  TEMPERATURE  FLUCTUATIONS 

AND  STANDING  PENN.  150  NEUTRAL  OIL  AT  THE  POUR  POINT,  - I5®C  (+5®F) 


(c)  The  Effect  of  a Pour  Point  Depressant 


Early  work  with  the  Interchendcal  rotational  viscometer  demon- 
strated that  the  effect  of  a pour  point  depressant  is  to  destroy  the 

initial  yield  strength  or  high  viscosity  of  the  oil  and  drastically  re- 

(17) 

duce  its  consistency  The  method  of  obtaining  these  curves  was  rather 

indirect  and  will  be  briefly  reviewed  here. 

At  high  constant  rates  of  shear  typical  relaxation  curves  were 
observed  (Figure  26).  This  decrease  in  stress  with  time  at  constant  rates 
of  shear  may  be  explained  in  part  or  wholly  as  due  to  frictional  heating 
of  the  oil.  At  50  sec~^  shear  rate  no  such  time  effects  were  observed. 

The  method  of  obtaining  ccvisistency  curves  representing  the  unsheared  oil 
lyiras  to  extrapolate  the  stress-time  curves  to  zero  time.  This  procedure 
is  of  dubious  validity,  since  there  is  considerable  uncertainty  involved 
in  the  extrapolation.  In  any  event,  this  procedure  gives  consistency 
curves,  such  as  shown  in  Figure  27j  which  show  that  the  consistency  has 
been  drastically  reduced  and  no  yield  strength  exists  in  the  oil. 

Consistency  ciirves  for  the  same  oil,  Pennsylvania  l5o  Neutral 
(pour  point  ♦5*’  F,  -l5°  C),  containing  an  effective  depressant  (in  this 
case  Acryloid  l5o)  were  carefully  determined  with  the  Stormer  viscometer 
under  conditions  where  frictional  heating  of  the  oil  could  be  neglected. 
The  results  are  shown  in  Figure  28  where  it  can  be  seen  that  at  -2o"  C and 
-30“  C the  oil  flows  as  a Newtonian  fluid.  No  thixotropy  was  observed  for 
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RATE  OF 

CURVE  SHEAR  ADDITIVE 
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FI6.26- STRESS -TIME  CURVES  FOR  PENN.  ISO  NEUTRAL 

OIL  (POUR  POINT  + 5*F), SHOWING  THE  UNTREATED 
OIL  AND  OIL  CONTAINING  1.0%  DODECYL 
POLYMETHACRYLATE  AT  -22®F  (^30®C). 

DATA  FOR  UNTREATED  OIL  ARE  FROM  JONES  AND  TYSON 


300 
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FIG.27- CONSISTENCY  CURVES  FOR  UNSHEARED  PENN.  150  NEUTRAL  OIL  OBTAINED 
BY  EXTRAPOLATING  STRESS-TIME  CURVES  TO  ZERO  TIME.  THE  UNTREATED  OIL 
IS  COMPARED  WITH  SAMPLES  CONTAINING  DODECYL  POLYMETHACRYLATE  AT 
-22®F  (-SO^C) 
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the  oil  containing  the  depressant,  and  there  is  no  detectable  curvature 
in  the  lines  in  Figure  28,  hewever,.  the  rates  of  shear  are  much  Icswer 
than  employed  with  the  Interchemical  visccmeter. 

The  viscosity  of  the  oil  containing  one  per  cent  Acryloid  l50 
at  -50°  C,  as  determined  v/ith  the  Stcrmer  visccmeter  is  85  poises.  A 
calculation  of  the  viscosity  in  the  limit  of  lew  rates  of  shear  firom 
data  with  the  Interchemical  viscometer  (Figure  2?)  gives  90  poises  for 
the  oil  containing  one  per  cent  dodecyl  polymethacrylate  at  -30®  C.  This 
agreement  is  considered  satisfactory  since  in  the  latter  case  the  con- 
ce’^tration  of  pure  polymer  is  greater  than  for  Acryloid  l5o  which  is  an 
oil  solution  of  polymer. 

3.  Mechanics  of  Breakdown 

From  earlier  work  it  has  been  proposed  that  the  shear  break- 
down of  l50  Neutral  oil  and  its  blends  with  wax  is  due  to  a mechanical 
degradation  of  the  v>rax  network  which  forms  a rigid  structure  through 
intergrowth  and/or  interlocking  of  the  thin  wax  crystals.  A direct 
check  on  this  theory  was  made  vath  the  cold  stage  microscope. 

A device  v/as  constructed  as  to  permit  direct  ebservation  of  a 
thin  layer  of  oil  being  sheared  befeveen  tv/o  microscope  slides  mounted  on 
the  microscope  cold  stage.  This  simple  device  consisted  of  a plastic 
moiant  to  hold  the  lovrer  slide  in  place  and  permit  movement  of  the  upper 
slide  back  and  forth  in  a plane  normal  to  the  optical  axis  of  the  micro- 
scope. The  oil  film  thickness  vras  maintained  at  0.1  mm  by  means  of  brass 
runners  cemented  to  the  loiver  slide. 
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Photomicrographs  of  Pennsylvania  l50  Neutral,  pour  point  30®  P 
(-1®  C),  at  23®  F (~5®  C)  are  shovm  in  Figure  29.  Figures  29A  and  B shcfvr 
the  undistxurbed  oil  in  the  sarne  field  as  seen  v/ith  bright  illumination 
and  crossed  nicols,  respectively.  These  two  photomicrographs  of  the  same 
field  give  quite  different  impressions.  In  bright  illumination  the  sample 
appears  to  consist  of  a layer-like  structure  of  very  thin  plates,  the 
edges  of  which  are  dark  (Figure  29A) , while  between  crossed  nicols  these 
dark  areas  are  double  refracting  with  diffuse  birefringent  areas  in  the 
interior  of  the  plates  (Figure  29B).  This  appearance,  which  might  easily 
be  taken  for  needles,  is  explained  by  Rhodes,  Ifeson  and  Sutton^^®^  ^^rho 
found  plates  in  slack  waxes  frcm  Pennsylvania  oils  to  be  extremely  thin 
and  cvirled  at  the  edges,  isotropic  when  viewed  flatwise  and  double  re- 
fi-acting  when  edgewise  or  dLnclined, 

Figure  29C  shoiTs  the  T/ax  network  in  the  early  stages  of  shearing. 
In  the  photanicrograph,  vThich  is  devoid  of  motion,  it  is  difficult  to  de- 
tect the  phenomenon,  hoi’/ever,  the  uq>per  left  portion  of  the  field  is  still 
an  immobile  network  vfhile  the  crystals  in  the  lovrer  right  are  detached  and 
move  during  shear.  The  bovindary  between  the  rigid  and  mobile  portions  of 
the  oil  is  evidenced  by  a slight  crowding  of  crystals  near  the  center  of 
the  field.  Figure  29D  shows  the  appearance  of  the  crystals  after  vigorous 
shearing.  The  rigid  network  is  completely  destroyed  and  the  crj'-stal  frag- 
ments move  independently,  although  one  small  aggregate  of  crystals  may  still 
be  seen.  This  progressive  degeneration  of  the  rigid  network  into  smaller 
and  smaller  aggregates  and  finally  into  single  crystal  fragments  parallels 
the  progressive  decrease  in  viscosity  as  the  rigid  mass  is  sheared. 
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29A  UNSHSARiilD  OIL 
(BRIGHT  ILLUMINATION) 


29B  UNSHalARjiD  OIL 
(CROSSi3D  NICOLS) 


29c  MOIMlATaLr  SHEARED  OIL 
(CROSSED  NICOLS) 


2ciD  HIGHLT  SKElAREID  OIL 
(CROSSED  NICOLS 


FIG.  29  'SHRARING  CF  EENNSTLVANIA  I50  NSUTRAL  OIL  (BOUR  POINT  30®  F) 
AT  230  P 

MAGNIFICATION  100  X 
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Although  a quantitative  treatment  of  the  relation  betiTeen  the 
v.'ork  of  shearing  and  the  viscosity  of  the  oil  has  not  been  made  and  does 
not  seem  practical,  a qualitative  explanation  is  readily  available.  The 
relation  between  concentration  of  suspended  particles  and  viscosity  of 
the  suspension  is  given  by  the  vrell-kncfvm  Einstein  equation^ 

(3)  (1  . k 0^)  , 

v/here  ^ and  are  the  viscosities  of  the  suspension  and  pure  liquid, 
respectively,  is  the  volume  concentration  of  particles  and  k is  a 
constant  which  depends  on  the  shape  of  the  particles,  being  2,5  for  spheres, 
which  shov/s  its  order  of  magnitude.  This  equation  applies  to  dilute  suspen- 
sions where  interaction  betareen  the  particles  is  neglected. 

In  the  case  of  an  aggregate  of  wax  crystals  the  oil  held  ^vithin 
the  aggregate  is  immobilized  and  thxis  contributes  to  the  volume  concentra- 
tion of  particles,  C^.  Thus,  as  crystals  break  off  from  the  aggregates 
during  shearing  the  effective  volume  concentration  of  suspended  material 
is  steadily  reduced  with  an  accompan3d.ng  decrease  in  viscosity  according 
to  equation  (3) » 

In  the  completely  sheared  state  vihere  the  v/ax  crystals  are 
individually  dispersed,  only  the  act\ial  volume  of  the  wax  in  suspension 
contributes  to  increasing  the  viscosity.  From  experience  rd.th  synthetic 
blends  it  can  be  estimated  that  not  more  than  tviro  or  three  per  cent  wax 
in  suspension  is  required  to  produce  a pour  point.  Thus,  from  equation 
(3)  it  can  be  roughly  estimated  that  the  viscosity  of  the  ccmpletely  sheared 
oil  at  the  pour  point  is  not  more  than  10  per  cent  greater  than  the  viscosity 
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the  oil  Would  have  if  the  suspended  \-rax  were  not  present.  This  point 
is  illustrated  by  Pi^iure  30  which  shows  a smooth  curve  through  the  data 
for  viscosities  above  the  pour  point  and  the  completely  sheared  viscosities 
belovf  the  poxir  point  for  Pennsylvania  150  Neutral  oil. 

Viscosity  data  for  the  oil  containing  pour  point  depressants  is 
also  plotted  in  Figure  30.  It  can  be  seen  that  these  viscosities  are 
comparable  with  the  minimum  viscosities  for  the  sheared  oil  below  the  pour 
point.  This  is  consistent  vrith  the  theory  that  the  function  of  the  pour 
point  depressant  is  jiist  to  cause  the  tox crystals  to  grciv  individually 
and  prevent  intergrarth.  The  resxilt  is  that  the  wax  crystals  are  indi- 
vidually dispersed  and  do  not  form  adherent  aggregates  or  a rigid  network. 
The  effect  of  shearing  is  to  reduce  the  aggregated  wax  to  this  same  state. 

As  for  the  rate  of  viscosity  decrease  irLth  work  input,  a simple 
empirical  expression  lias  been  found  to  fit  the  data  for  a number  of  oils 
and  synthetic  blends  reasonably  well.  The  viscosity  as  a function  of  work 
of  shearing,  such  as  shown  in  Figure  2o  for  Pennsylvania  l?o  Neutral  at  its 
pour  point,  C (+5*  F)^ appears  to  be  an  hyperbola  of  the  form; 

y - A + ByA?  , 

TJliere  ^ is  the  work-dependent  viscosity,  W is  the  Tfork  input,  and  A and  B 
are  constants.  Since  at  infinite  v/ork  input,  ^ is  just  equal  to  A,  then  A 
is  the  minimum  sheared  viscosity,  ^ . Equation  (U)  may  be  rewitten  in 
the  form: 

(5)  Yoo 

V/here  the  constant  B has  the  dimensions  of  v^ork  and  determines  the  rate  of 


breakdown. 


o VISCOSITY  ABOVE  THE  POUR  POINT 
A MINIMUM  SHEARED  VISCOSITY  BELOW  THE  POUR  POINT 
® OIL  + 1%  ACRYLOID  ISO 
© OIL  + 1%  DODECYL  POLYMETHACRYLATE 


The  formiila,  equation  (5),  is  based  on  the  assumption  that  at 
any  stage  of  breakdovm  the  oil  behaves  as  a Newtonian  fluids  i.e,,  no 
yield  value,  and  that  in  the  initial,  unsheared  condition  the  viscosity 


is  infinite.  These  assumptions  are  probably  not  sti’ictly  v3.1id,  hCiVeyex-, 
far  high  ^''ark  inputs  at  least  the  first  ccriditii:;n  is  uswliy  nict^  Figui’e 

31  shows  the  fit  obtained  rdth  equation  (5)  and  the  data  fcsr  two  oils  of 
different  final  viscosities  and  at  different  temperatures.  Curve  A is  a 
dewaxed  Pennsylvania  150  Neutral  (pour  point  +30®  F,  -I®  C)  at  -ii®  C 
(25®  F),  and  curve  B represents  a blend  containing  six  per  cent  n-octacosane 
and  3*5  per  cent  hexadecyl  polymethacrylate  in  dewaxed  Pennsylvania  l5o 
Neutral,  at  25®  C (77®  F)  slightly  below  its  po\ir  point.  The  fit  of  the 
equation  for  the  latter  oil  is  excellent,  possibly  due  to  the  fact  that 
much  better  temperature  control  was  possible  at  25®  C than  at  the  lower 
temperature. 

liinimum  sheared  viscosities  and  the  constant  B for  the  shear 
breakdcwm  of  several  oils  and  blends  are  given  in  Ifeble  38.  Both  the 
natural  oils  and  synthetic  blends  exhibit  similar  shear  breakdoim  character*, 
istics  v/ith  comparable  values  for  B,  which  seem  to  increase  vdLth  increasing 
viscosity.  The  blend  containing  the  pour  point  depressant  is  cf  interest 
since  this  concentration  of  v/ax  is  on  the  borderline  of  depressing  activity 
for  the  depressant  (see  Figure  lit). 
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WORK  OF  SHEARING  (ERGS/CM®)  x 10"' 


Table  38 


SHEAR  BREAKDOW  DATA  FOR  LUBRICATING  OILS  AI®  BLEI®S 


Oil 

Pour  Point 
(“F) 

Temperature 

(“F) 

(]^ises) 

B/10^  . 
(ergs/ca'^ 

l50  Neutral 

5 

5 

12.0 

2,h 

l50  Neutral 

30 

25 

5.1 

1.6 

1^0  Neutral  Blend**' 

78 

77 

1.6 

1.7 

Bright  Stock  Blend^ 

>77 

77 

17.6 

7.2 

*6  per  cent  n-octacosane,  3*5  per  cent  hexadecyl  polymetliacrylate 
in  deivaxed  l50  Neutral 

per  cent  n-octacosane  in  Bright  Stock 
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1|.  Frictional  Heating  Effects 


The  effect  of  frictional  heating  on  the  measurement  of  viscosity 
ViTith  the  rotational  viscometer  has  been  analj'aed  in  the  earlier  v;ork  on 
this  project.  A detailed  theoretical  treatment  of  the  heat  flav  and  tem- 
perature distribution  in  the  oil  at  thermal  and  mechanical  equilibrium  is 
given  in  Appendix  D,  and  the  resulting  effect  on  viscosity  measurements 
viTith  the  Interchemical  visccmeter  is  estimated  in  a previous  publication^^^^ 
which  is  also  included  in  the  Appendix.  It  ^vas  concluded  that  a large  part 
of  the  reversible  thixotropic  effect  observed  at  high  rates  of  shear  was 
due  to  frictional  heating  of  the  oil,  however^  the  observed  effect  was 
much  larger  than  could  be  accounted  for  on  this  basis  alone.  These  cal- 
culations were  based  on  estimates  of  the  minimum  sheared  viscosity  for 
Pennsylvania  l50  Neutral  oil  at  “>25®  and  -30®  C.  Considerable  uncertainty 
was  involved  in  these  estimates,  and  from  the  more  extensive  measurements 
which  have  been  made  at  Iott  rates  of  shear  v/ith  the  Stormer  viscometer,  it 
is  now  known  that  the  minimum  sheared  viscosity  of  the  oil  is  about  50  per 
cent  lorrer  than  previously  estimated.  A recalculation  of  frictional  heat- 
ing effects  is,  therefore,  nay  in  order. 

Previous  estimates  which  were  based  on  the  slope  of  the  equilibrium 
consistency  curves  in  the  limit  of  low  rates  of  shear  gave  22o  and  90  poises 
for  the  viscosity  at  —30®  and  -25®  C,  respectively.  From  the  data  in 
Figure  30,  obtained  vrith  the  Stormer  viscometer,  it  can  be  seen  that  these 
values  should  be  about  85  and  Uo  poises  for  -30®  and  -25®  C,  respectively. 

The  original  error  can  be  attributed  to  a number  of  factors:  (l)  the  un- 
certainty of  the  slope  of  the  consistency  curves  in  the  limit  of  low  rates 
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of  shear,  (2)  the  fact  that  the  precision  of  the  Intercheinical  viscometer 
is  least  at  levy  cup  speeds,  and  (3)  the  fact  that  the  oil  may  not  have  been 
sheared  to  its  minimum  viscosity  at  Im  rates  of  shear.  It  thus  appears 
that  all  the  data  obtained  v/ith  the  Interchemical  viscometer  for  rates  of 
shear  less  than  100  sec*"^  (Figure  82,  Appendix  D)  does  not  represent  the 
viscosity  of  the  completely  sheared  oil  and  should  be  discarded. 

Using  the  more  correct  (teta  obtained  vdth  the  Storraer  viscesneter, 
the  effect  of  frictional  heating  on  the  measured  values  of  viscosity  ■'.Till 
neny  be  calculated.  At  thermal  equilibrium  the  mea,sured  viscosity,  , is 
given  byj 


( ) 


r 


f2 

rr 


/ 1 -i-  P/2 


where  the  true  viscosity  at  the  reference  temperatur* 


p “ 


d 


^ 6 


(1  e, 


d = cup  to  bob  clearance  dis  tance 
radius  of  the  viscesneter  bob 
e ■ rate  of  shear 

thermal  conductivity  of  the  oil 

a - ^^2 

Ti  - Tg 


= temperature  coefficient  of  viscosity 


Using  the  values  for  of  85  and  Uo  poises  for  -30®  and  -25*  C, 
respectively,  gives  a value  for  a of  0.l5®  The  thermal  conductivity 

is  taken  as  l.U?  x ergs/cm  sec*C.  Results  for  the  0.1  and  0.2  cm  cup 
to  bob  clearances  at  —30®  C are  shovm  in  Figure  32  compared  with  experimental 
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COOLED  l•C/MIN. 
COOLED  l®C/5MIN. 
COOLED  l«C/6MIN. 
CALCULATED  FOR 
FRICTIONAL  HEATING 
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FIG.  32 -EQUILIBRIUM  VISCOSITIES  OBSERVED  WITH  THE  INTERCHEMICAL  VISCOMETER  AND 
CALCULATED  FOR  FRICTIONAL  HEATING.  PENN.  ISO  NEUTRAL  OIL  AT  -30"C 


results  from  the  Interchemical  viscometer  for  rates  of  shear  above  100  sec  • 
The  agreement  of  experimental  results  with  theory  for  frictional  heating 
is  much  better  than  previously  reported.  There  is  as  3’’et,  hovrever,  not 
sufficient  agreement  to  state  that  all  the  thixotropic  effect  at  high 
rates  of  shear  is  due  to  frictional  heating, 

B.  Viscosity  Povir  Points 

The  foregoing  discussion  of  the  rheology  of  lubricating  oils 
below  their  pour  points  has  been  concerned  with  oils  which  solidify  due 
to  ivax  gelation.  This  phenaraenon  is  apparently  independent  of  the  viscosity 
of  the  oil.  It  is  apparent,  however,  that  since  the  viscosity  of  liquids 
increases  rapidly  with  decreased  tempera tiire,  an  oil  which  does  not  gel 
vrill  at  some  temperature  have  a viscosity  so  high  that  it  will  not  pour 
according  to  the  standard  ASIJI  pour  point  test, 

A case  in  point  is  that  of  one  of  the  base  stocks  used  in  this 
study,  a Pennsylvania  Bright  Stock  dewaxed  to  the  same  pour  point  as  the 
l50  Neutral  oil.  The  viscosity-temperatxire  curve  for  this  oil  as  deter- 
mined with  the  Stormer  rotational  visccaieter  at  temperatures  dovm  to  the 
pour  point  is  shown  in  Figure  33*  Mo  thixotropic  effects  ivere  observed 
and  the  oil  appeared  to  be  a Newtonian  fluid  with  a viscosity  of  about 
li^00  poises  at  the  pour  point.  No  pour  point  depressant  tried  ivas  effec- 
tive in  reducing  the  pour  point  of  this  oil.  Since  the  function  of  a 
depressant  is  to  prevent  the  formation  of  a ■\7ax  gel,  it  follo\Ts  that  a 
pour  point  depressant  cannot  be  effective  if  the  pour  point  is  not  due  to 
wax  gelation.  The  most  effective  pour  point  depressant  cannot,  therefore. 
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TY  (POISES) 


O VISCOSITY  ABOVE  POUR  POINT 
A MINIMUM  SHEARED  VISCOSITY 
• OIL  + 1%  ACRYLOlO  ISO 
© OIL+  1%  DODECYL  POLYMETHACRYLATE 


FIG.  33- VISCOSITY -TEMPERATURE  CURVES  AND  VISCOSIJY 
POUR  POINTS  FOR  VARIOUS  PETROLEUM  OILS. 
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reduce  the  pour  point  of  a vra-x-bearing  oil  beloiT  the  viscosity  pour 
point  of  the  oil.  This  sets  a loiYer  limit  on  the  effectiveness  which 
ean  be  expected  from  pour  point  depressants. 

Figure  33  includes  viscosity-temperature  data  for  Pennsylvania 
1^0  Neutral  oil  and  a grade  1100  aircraft  oil  above  the  pour  point.  For 
the  former,  minimum  sheared  viscosities  and  viscosities  in  the  presence 
of  po\ir  point  depressants  below  the  pour  point  are  included.  The  lowest 
pour  point  obtained  v/ith  depressants  in  l50  Neutral  oil  r/as  F (-U6°  C) 

(four  per  cent  dodecyl  polymethacrylate),  while  with  grade  1100  oil^Acryloid 
1$0  produced  a pour  point  of  -10®  F (-2^®  C) , From  Figure  33  it  can  be 
seen  that  a reasonable  extrapolation  of  the  viscosity— temperature  data 
passes  through  these  minimimi  pour  point  temperatures  (within  the  limit  of 
error  of  the  pour  point  method)  at  about  lliOO  poises,  indicating  that  these 
minimum  pour  points  are  due  to  oil  viscosity  and  are  the  lovrest  pour  points 
which  can  be  obtained  rd.th  pour  point  depressants  alone.  It  is,  therefore, 
possible  to  predict  ’.*riLth  reasonable  accuracy  the  Iwest  pour  point  possible 
for  a given  undiluted  oil.  For  this  purpose,  kinematic  viscosities  would 
be  more  appropriate.  HovTever,  as  demonstrated  in  Figui’e  33,  absolute 
viscosities  probably  give  a sufficiently  close  approximation  of  the  viscosity 
pour  point. 

C.  Grade  1100  Aircraft  Oil 

The  rheological  properties  of  a grade  1100  oil,  a service  air- 
craft oil,  has  recently  been  given  special  attention.  This  oil,  which  repre- 
sents a blend  of  Bright  Stock  ana  lighter  crude  fractions  \?as  found  to  ex- 
hibit a somev/hat  more  ccanplex  flow  behavior  than  encountered  ivith  Pennsylvania 
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l50  Neutral  and  its  synthetic  blends.  The  oil  studied  was  a Mid-Continent 
grade  1100  oil,  untreated,  meeting  MIL-L-6o82-A  specifications.  The  pour 
point  of  this  oil  is  +10°  F (-12°  C) . 

Consistency  curves  (shearing  stress  vs  rate  of  shear)  for  this 
oil  were  determined  at  four  temperatures,  +5°,  0°,  -5°,  and  -10°  C,  above 
the  pour  point  and  at  two  temperatures,  and  -16.6°  C,  below  the 

pour  point.  These  consistency  curves,  shown  in  Figure  3U»  exhibit  features 
both  above  and  below  the  po\ir  point  which  v/ere  not  observed  in  studies  on 
Pennsylvania  150  Neutral. 

Above  the  pour  point  at  Icrwer  temperatures,  -5°  and  -10°  C, 
there  is  a departure  from  linearity  of  the  consistency  curves,  correspond- 
ing to  pseudo  plastic  instead  of  Newtonian  flow.  For  this  type  of  floiT 
the  apparent  viscosity  decreases  with  increasing  rates  of  shear.  This  type 
of  flow  is  common  for  solutions  of  large  molecules,  i.e.,  high  polymers, 
and  it  is  not  unreasonable  to  expect  that  this  oil,  containing  a large  pro- 
portion of  the  heavy  Bright  Stock  molecules,  might  also  behave  in  this  way. 

This  pseudo  plastic  behavior  of  grade  1100  aircraft  oil  confirms 
(19) 

the  findings  of  Umstatter'  * who  reported  that  mixtures  of  Bright  Stock 
and  lighter  oils  exhibit  the  same  type  of  flow.  That  author  shows  that 
such  flow  behavior  increases  the  load  carrying  capacity  of  the  lubricant 
some  two  to  three  fold,  by  evening  out  the  pressure  and  temperature  dis- 
tribution in  a bearing. 

Below  the  pour  point  the  grade  1100  oil  did  not  exhibit  the 
marked  thixotropy  or  shear  breakdown  characteristics  obseirved  for  Pennsylvania 
150  Neutral  oil.  Here,  again,  consistency  curves  were  determined  with  the 
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RATE  OF  SHEAR  (SEC~‘) 


FIG.  34- CONSISTENCY  CURVES  FOR  GRADE  MOO  AIRCRAFT  OIL 

(POUR  POINT  - I2*C,  + I0*F) 

* ^ 
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modified  Stonner  visconeter  where  the  measurements  are  made  at  constant 
shearing  stresses,  and  the  breakdorm  in  structure  is  evidenced  by  a change 
in  bob  speed  with  time.  Figure  35  shows  the  number  of  bob  revolutions 
plotted  as  a function  of  time  for  successive  measurements  ivith  three  differ- 
ent  shearing  stresses,  3780,  1910  and  28LiO  dynes/cm  , in  that  order,  at 

C,  2.6®  C below  the  pour  point,  on  an  initially  unsheared  oil.  The 
bob  speed,  which  is  the  slope  of  these  curves,  shows  a marked  Increase 
during  initial  shearing  at  3790  dynes/cm  , but  thereafter  remains  inde- 
pendent of  time  for  the  limited  amount  of  shearing  required  for  the 
determinations.  Similar  behavior  was  observed  for  the  same  sample  cooled 
to  -16.6®  C.  These  limited  data  indicate  plastic  flow  \rith  a yield  strength 
of  about  300  and  700  dynes/cm  at  -lii.6®  and~l6. 6®  C,  respectively  (Figure 
3k) , Sind  a relative  stability  to  shear  breakdown,  at  least  under  mild 
conditions  of  shearing.  The  explanation  for  this  behavior,  vrhich  is  in 
contrast  to  that  of  Pennsylvania  150  Neutral  oil  and  its  wax  blends  below 
the  pour  points,  is  lacking.  The  need  for  fixture  research  in  the  low 
temperature  rheology  of  lubricants  is,  however,  clearly  indicated, 

IX.  RECOMlENriATIONS 

With  regard  to  the  development  of  so-called  "pour  point  depressants" 
to  increase  the  flowability  of  oil  at  low  temperatures,  evidence  has  been 
presented  to  show  that  pour  point  depressants  act  only  to  prevent  wax-oil 
gelation.  The  limitation  to  the  effectiveness  of  a pour  point  depressant 
is,  therefore,  described  by  the  viscosity  pour  point  of  the  base  stock 
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VISCOMETER  BOB  REVOLUTIONS 


FIG.  35 -BOB  REVOLUTIONS  VS.  TIME  FOR  GRADE  1100  OIL  IN  THE 
MODIFIED  STORMER  VISCOMETER  BELOW  THE  POUR  POINT 
(TEMPERATURE  = -I4®C, +8»F) 
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uader  consideration  in  the  absence  of  imx-oil  gelation.  The  depressants 
ncR7  available  ccnunercially  already  show  this  maximum  effect  p^hen  used 
within  specified  concentrations.  Work  directed  to  the  enhancing  of  the 
pour  depressing  effect  is,  therefore,  unwarranted. 

However,  a general  program  for  the  synthesis  of  pour  point  de- 
pressants could  be  undertaken  for  other,  perhaps  equally  cogent,  reasons. 
The  structural  requirements  of  povir  point  depressants  have  been  elucidated 
clearly  enough  to  permit  the  synthesis  of  materials  possessing  a wide 
variety  of  functional  groups*  These  have  been  used  in  the  preparation  of 
one  new  material,  poly-1, 2-he3eidecylene  phthalate.  Others  could  be  pre- 
pared for  the  follcRTing  purposes; 

1.  To  lower  the  necessary  additive  concentration.  The  present 
specification  calls  for  a maximimi  povir  point  depressant  concentration  of 
one  per  cent.  It  is  possible  that  the  magnitude  of  use  of  pour  point 
depressants  is  sufficient  to  warrant  attempting  to  lower  additive  costs 
by  achieving  the  maximum  additive  effect  at  a lender  concentration. 

2,  To  improve  other  important  additive  properties  such  as 
thermal  stability,  shear  stability,  hydrolytic  stability,  etc. 

Within  the  scope  of  this  project  rheology  has  served  the  function 
of  helping  to  elucidate  the  nature  of  the  gel  structure  in  v/ax-bearing  oils 
and  has  thus  contributed  to  an  understanding  of  the  mechanism  of  pour  point 
depression  by  additives.  In  addition,  much  needed  information  has  been 
obtained  and  techniques  of  study  developed  relative  to  the  flow  behavior 
of  lubricants  at  low  temperatures.  These  data  are  sufficient  to  demon- 
strate that  Virax-bearing  oils  and  heavy  lubricants  are  non-Newtonian  fluids 
at  low  temperature  and  that  the  coefficient  of  viscosity  does  not  have  its 


conventional  meaning.  A thorough  vinderstanding  of  the  rheology  of 
lubricants  at  Icfw  temperatures  is  thus  a necessary  prelude  to  future 
considerations  of  improved  flow  characteristics  at  low  temperatures  and 
improvement  of  viscosity  index.  The  application  of  rheology  to  the  study 
of  the  following  specific  problems  is,  therefore,  recommended  fcgc  con- 
sideration in  future  research  programs: 

1.  Pour  Point  Reversion 

The  techniques  developed  on  this  project  for  the  quantitative 
description  of  the  thixotropic  properties  of  oils  below  their  pour  points 
may  be  fruitfully  applied  to  the  study  of  the  change  in  effectiveness  of 
pour  point  depressants  in  oils  subjected  to  cyclic  temperature  changes. 

2.  Viscosity  Index  Improvers 

In  this  field,  not  mly  rheology  but  also  its  ally,  colloid 
chemistry,  may  be  applied  to  advantage.  The  concept  of  viscosity  index 
should  be  reviewed  in  the  light  of  the  non-Newtonian  flow  characteristics 
of  high  polymer  solutions.  For  many  such  solutions,  the  apparent  viscosity 
at  a given  temperature  is  not  constant,  but  is  dependent  on  shearing  stress, 
and,  therefore,  viscosity  index  may  be  ivithout  real  significance.  Useful 
viscosity-temperature  data  should  cone  frcm  a knowledge  of  the  true  con- 
sistency of  the  oil  as  obtained  by  the  methods  of  rheology*  The  consistency 
of  solutions  of  high  polymers  in  petroleum  cxLls  is  strongly  influenced  by 
configiarational  changes  of  the  polymer  molecules  with  changes  in  tempera- 
ture. Approached  from  this  point  of  view,  a study  of  the  improvement  of 
the  consistency-temperature  characteristics  of  petroleum  oils  should  lead 
to  new  and  improved  additives  and  possibly  the  tailoring  of  oils  for  specifLo 
applications* 
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XIII.  APPENDIX 


Evaluation  of  Commercial  Additives 

ViBCOsity*  Viscosity  Index,  and  Pour  Point  Data 

Table  No. 

page 

1.  paraffin  Tlax  - White  Oil  Blend 

a. 

Parafloiv  PDX 

39 

138 

b. 

Sant op our  B 

ho 

139 

c. 

pour  ex 

hi 

lilO 

d. 

Santopour  C 

h2 

litl 

e. 

Acryloid  l50 

h3 

11^2 

f. 

Santopour 

hh 

1U3 

g» 

ParaflovT  Ii6X 

h$ 

Ihh 

h. 

SintoluLbe  2 03 A 

h6 

lli5 

i. 

Acryloid  710 

h7 

Santodex 

li8 

1U7 

k. 

Acryloid  HF  6oO 

U9 

1^8 

1. 

Low  Ilolecular  Weight  Polybutene 

50 

Hi9 

m. 

High  Ilolecular  Weight  Polj^utene 

51 

l5o 

n. 

Acryloid  722 

52 

151 

o. 

Paratone 

53 

152 

p. 

Vinyl  Ether  Resin 

5U 

153 

2.  liiorocrystalline  Wax  Tfhite  Oil  Blend 


a. 

Santopour  B 

55 

15U 

b. 

Pour ex 

56 

155 

c. 

Santopour  C 

57 

156 

d. 

Paraflow  U6X 

58 

157 

e. 

Santopour 

59 

158 

f. 

ParaflovT  PDX 

6o 

159 

g. 

Acryloid  710 

61 

l6o 

h. 

Seintolube  203A 

62 

161 

i. 

Acryloid  l50 

63 

162 

j* 

Santodex 

6A 

163 

k. 

Acryloid  HF  600 

65 

I6li 

1. 

Lovv  Molecular  Weight  Polybutene 

66 

165 

m. 

ffi-gh  Molecular  Yifeight  Polybutene 

67 

166 

n. 

Acryloid  722 

68 

167 

0. 

Paratone 

69 

168 

P. 

Vinyl  Ether  Resin 

70 

169 

3.  iiicrocrystalline  - paraffin’4Thite  Oil  Blend 


a,  Santopour  B 

71 

170 

b.  Paraflovr  PDX 

72 

171 
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c • 

Santopour  C 

Table  No. 

73 

rage 

172 

d. 

Santopour 

7U 

173 

e. 

Pour ex 

75 

nh 

f. 

ParafloPf  U6X' 

7 6 

175 

g* 

Santoliibe  203A 

77 

176 

h. 

Acryloid  l50 

75 

177 

i. 

Acryloid  710 

19 

178 

Santodex 

8o 

179 

k. 

Acryloid  HP  600 

81 

180 

1. 

High  Molecular  Height  Polybutene 

82 

181 

m. 

Lov/  Molecular  Weight  Polybutene 

83 

182 

n. 

Acryloid  722 

8U 

183 

0. 

Para tone 

85 

I8I4 

P* 

Vinyl  Ether  Resin 

86 

185 

k»  Bright  Stock  - Pennsylvania 


a. 

Paraflotv  PBX 

87 

186 

b. 

Acryloid  710 

87 

186 

c. 

Santopour 

86 

187 

d. 

Paratone 

88 

187 

e. 

^ntodex 

89 

188 

f. 

Santopour  C 

89 

188 

g* 

Acryloid  l5o 

90 

189 

h. 

Paraflopr  U6X' 

90 

139 

i. 

Santolube  2 03 A 

91 

190 

Vinyl  Ether  Resin 

91 

190 

k. 

Pour ex 

92 

191 

1* 

Lovr  Molecular  Weight  Polybutene 

92 

191 

m* 

ffilgh  Molecular  Weight  Polybutene 

93 

192 

n. 

l^ntopour  B 

93 

192 

0, 

Acryloid  722 

9h 

193 

P* 

Acryloid  HP  60O 

9h 

193 

5.  Bright  Stock  • I Ed-Continent 


a. 

Acryloid  l50 

95 

19U 

b. 

Santopour  B 

96 

195 

c. 

Santopour  C 

91 

196 

d. 

Santopour 

98 

197 

e. 

Paraflof;  i;6X 

99 

198 

f. 

Santolube  203A 

100 

199 

g» 

Pour ex 

101 

200 

h. 

Paraflovf  PDX 

102 

201 

i. 

paratone 

103 

202 

30%  Vinyl  Ether  Resin  in  Oil 

lOU 

203 

k. 

Acryloid  710 

105 

20ii 
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Table  No. 


page 


1. 

Acryloid  722 

106 

205 

m» 

Acryloid  HF  6oO 

107 

206 

n. 

Santodex 

108 

207 

0. 

High  Molecular  Weight  Polybutene 

109 

208 

P* 

Lovr  Molecular  ^./eight  Polybutene 

no 

209 

i5o 

Neutral  - Pennsylvania 

a. 

Acryloid  iSo 

111 

210 

b. 

Paraflow  PDX 

n2 

211 

c. 

Santopour  C 

113 

212 

d. 

parafla?  l+6x 

nil 

213 

e. 

Santopour  B 

n5 

2lii 

f. 

Santopour 

116 

215 

g« 

Pour  ex 

117 

216 

h. 

Acryloid  722 

118 

217 

i. 

Santolube  203A 

n9 

218 

High  Molecular  Weight  Polybutene 

120 

219 

k. 

Low  Molecular  Tf eight  Polybutene 

121 

220 

1. 

Santodex 

122 

221 

m. 

Paratone 

123 

222 

n. 

Acryloid  710 

12U 

223 

0. 

Acryloid  HF  600 

125 

22h 

P* 

Vinyl  Ether  Resin 

126 

225 

i5o 

Neutral  « liLdf-Continent 

a. 

Paraflov;  PDX 

127 

226 

b. 

Santopour 

128 

227 

c. 

Parafloir  U6X 

129 

228 

d. 

Acryloid  l50 

130 

229 

e. 

Santopour  D 

131 

230 

f. 

Santopour  C 

132 

231 

g- 

Pourex 

133 

232 

h. 

santolube  2 03 A 

13ii 

233 

i. 

Acryloid  722 

135 

23U 

J. 

^0%  Vinyl  Ether  Resin  in  Oil 

136 

235 

k. 

Paratone 

137 

236 

1. 

Acryloid  HF  600 

138 

237 

m. 

Santodex 

139 

238 

n. 

Lcftv  MolecxiLar  V'eight  Polybutene 

HiO 

239 

0. 

High  Molecular  V/eight  Polybutene 

lia 

2I4.0 

P* 

Acryloid  710 

lii2 

2A1 

Flneral  Seal  Oil  - Pennsylvania 


a. 

Santopour  B 

1U3 

2h2 

b. 

Parafldw  I+6X 

iWi 

2h3 

c. 

paraflo\7  PDX 

lii5 

2Uk 

Table  No. 

Page 

d. 

Santolube  203A 

1U6 

2U5 

e« 

Acryloid  1$0 

lii7 

2U6 

f. 

Pourex 

1U8 

2li7 

g* 

Santopour 

lh9 

2U8 

h. 

Santopovir  C 

150 

2U9 

!• 

Low  Moleoxjlar  ITeight  Polybutene 

151 

25o 

High  liolecular  Height  Polybutene 

152 

251 

k. 

Vinyl  Ether  Resins 

153 

252 

1. 

Paratone 

15U 

253 

m* 

Acryloid  710 

155 

25U 

n. 

Acryloid  722 

156 

255 

0* 

Acryloid  HF  600 

157 

256 

P- 

Santodex 

158 

257 

Cadet  Z Oil 

a. 

Paraflow  U6x 

159 

258 

b. 

ParaHoiT  PDX 

l6o 

259 

c. 

Acryloid  l5o 

161 

260 

d. 

Santopour  C 

162 

261 

e. 

Santopour 

163 

262 

f. 

Santolube  203A 

16U 

263 

g« 

santopour  B 

165 

26k 

h. 

Pourex 

166 

265 

i« 

Paratone 

167 

266 

J. 

Acryloid  710 

168 

267 

k. 

Acryloid  722 

169 

268 

1. 

Acryloid  ^ 600 

170 

269 

m. 

santodex 

171 

270 

n. 

Low  Molecular  Height  Polybutene 

172 

271 

0. 

High  liolecular  Height  Polybutene 

173 

272 

P« 

30^  Vinyl  Ether  Resin 

17U 

273 

Table  39 


PARAFLOVi  PDX 


Sample  No, 

9U 

95 

96 

97 

98 

99 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Wax 

Paraffin 

- 

- 

- 

- 

- 

Per  cent 
Wax  added 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

-20 

-20 

-Uo 

-35 

-Uo 

-35 

Cloud  Point  (®F) 
Viscosities 
Centi stokes 

h2 

U2 

kh 

38 

36 

38 

100° 

2U.72 

2U.96 

26.13 

28,0it 

29.8 

32.5U 

130° 

- 

- 

- 

- 

am 

- 

210° 

Saybolt  Univ, 
Seconds 

U.U3 

ii.U7 

ii.6 

1i.82 

5.11 

5.U6 

lOOO 

117.7 

118,7 

123.8 

132.U 

lUo.o 

152.2 

210° 

li0.76 

UO.88 

Ul.3 

U2.02 

U2.95 

UU.08 

Vise osity 
Index 

96.1 

97.6 

98.6 

lOl.U 

100. U 

llU.8 

Tn  ^3-11  138 


Ta^liO 


SANTOPOUR  B 


Sample  No, 

256  ^ 

258 

259 

260 

Base  Oil 

VIhite  Oil  - 

- 

- 

Vax 

Paraffin 

- 

- 

- 

Per  cent 

2,0  2.0 

2,0 

2.0 

2.0 

wax  added 
Per  cent 

1,0 

3.0 

10,0 

Additive 
Pour  Point  (°F) 

-15 

-30 

- 

-U5 

Cloud  Point  (°F) 

U6 

Uo 

- 

36 

Viscosities 

Centistokes 

100° 

2U.53 

2U.85 

26.3 

130° 

- 

- 

- 

a. 

210° 

- U,lii 

li.53 

- 

U.67 

Saybolt  Univ, 
Seconds 

100° 

116.9 

118.3 

12U.6 

210° 

UO.69 

huoe 

- 

Ul.53 

Viscosity- 

Index 

95.82 

105.  U 

mm 

103.9 

WADC  TR  139 


Table  lil 


POUREX 


Sample  No, 

202 

203 

20U 

205 

206 

207 

Base  Oil 

White 

Oil  - 

- 

- 

- 

Viax 

Paraffin  - 

- 

- 

- 

- 

Per  cent 

2.0 

2.0 

2.0 

2.0 

2,0 

2.0 

V\,ax  added 

per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  Point  (°F) 

- 

-20 

-25 

- 

-25 

- 

Cloud  Point  (°F) 

- 

hS 

h2 

mm 

U6 

- 

Viscosities 

Centistokes 

100° 

2U.72 

25.17 

27.27 

130° 

- 

- 

m 

- 

•m 

- 

210° 

- 

U.Ul 

h.hP 

- 

U.13 

- 

Saybolt  lAiiv, 
Seconds 

100° 

117.7 

119.7 

128,9 

m» 

210° 

- 

UO.69 

I4O.95 

- 

11.73 

- 

Viscosity- 

Index 

93.1i9 

97. U9 

100.1 

m 

rtiCC  TR  :;>11  lliO 


Table  U2. 


SANTOPOUR  C 


Sample  No. 

I61i 

16$ 

186 

187 

188 

Base  Oil 

Vvhite  Oil 

- 

- 

- 

- 

Vvax 

Paraf f in 

- 

- 

- 

Per  cent 
Vvax  added 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

o;5 

1.0 

3.0 

$.0 

10.0 

Tour  Point  (°F) 

- 

-20 

-20 

- 

1 

vn. 

Cloud  Point  (°F) 

- 

36 

36 

- 

38 

Viscosities 

Centistokes 

100° 

2U.62 

28.9 

U2.$ 

130° 

- 

- 

mm 

- 

m 

210° 

- 

k»6l 

$.32 

- 

1»9S 

Saybolt  Uhiv, 
Seconds 

100° 

117.3 

136.1 

197.0 

210° 

- 

U.53 

ti3.63 

- 

2.2 

Viscosity 

Index 

121.0 

129.3 

11*6,3 

;VAEG  TR  5>11  li;l 


Table  U3 


ACRYLOID  150 


Sample  No. 

12 

13 

16 

17 

Base 

White  1 

Oil 

- - 0 - 

- - - 

- 

- 

- 

- 

Tfjax 

Paraffin 

- 

- 

am 

- 

- 

Per  cent 
l\;ax  added 

0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0 

0 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  °F 

+15° 

*15° 

-25° 

0 

0 

CM 

1 

-20 

-20 

-20 

-15 

Cloud  °F 
Viscosity  °]B' 

♦18° 

♦li8° 

0 

+ 

+16° 

+U2 

+Uo 

+liO 

Centi stokes 

100® 

2U.2 

26.5 

26.7 

3h,h$ 

h0,2 

57.6 

91.1i 

130° 

- 

- 

- 

- 

- 

- 

210° 

«» 

u.u 

U.8 

li.92 

6.5 

7.36  10.89 

16.9 

Saybolt  Univ, 
Seconds 

100° 

119.8 

115.5 

125.5 

126.2 

160.7 

186.6  266.U 

U22.3 

0 

0 

- 

- 

•0 

- 

- 

- 

- 

- 

210° 

U0.9 

iiO.6 

Iil.95 

h2,3h 

U7.U3 

50. 2U  62.35 

05.3 

Viscosity 

Index 

95.2 

97.75  113.6 

120.9 

lUl.7 

U2.2  IU8.I 

1U9.8 

^vhite  Oil  C was  refined  by  Sinclair  Refining  Company  from  Mid-Continent  Stock* 


lh2 


WATC  IK  9>-ll 


Table  Uii 


SANTOPQUR 


Sample  No. 

59 

§0 

61 

62 

§2 

Base  Oil 

Vhite  Oil  C 

- 

- 

- 

- 

Vax 

Paraffin 

tm 

- 

- 

- 

Per  cent 
V»ax  added 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  °F 

-15° 

-20° 

-200 

-25° 

-20° 

Cloud  °F 

+U20 

+h0° 

+38° 

+38° 

+38° 

+360 

Viscosity 

Centistokes 

100° 

2li.38 

2ii.55 

25.17 

25.U 

26.9 

28.3 

130° 

«• 

- 

- 

- 

- 

- 

210° 

U.U2 

h.57 

U.6 

U.80 

ii.93 

Saybolt  Univ, 
Seconds 

100° 

116.2 

118.0 

119.6 

120.7 

127.5 

133.U 

130° 

- 

- 

- 

- 

- 

210° 

UO.72 

UO.88 

ljl.2 

l»1.27 

Ul.95 

U2.39 

Viscosity 

Index 

98.68 

102.6 

105.9 

105.  li 

109.8 

108.7 

WATC  TR  -vw 


11 


113 


Table 


PARAFLOlv  U6x 


Sample  No* 

39 

h9. 

i*l 

U2 

|i3 

Base  Oil 

VIhite  Oil 

c 

- 

- 

m 

- 

Wax 

Paraffin 

- 

- 

- 

- 

Per  cent 
Additive 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  °F 

-15° 

-20° 

-15° 

-20° 

-15° 

o 

1 

Cloud  °F 

+liO 

+ll2 

+Uo 

+36 

+36 

+36 

Viscosity  ^ 
Centistokes 
lOQO 

2U.6U 

2U.86 

25.9 

26.65 

27.11 

32,65 

130° 

- 

- 

- 

- 

- 

210° 

li.U6 

U.5U 

h.6k 

li.79 

U.85 

5.5 

Saybolt  Univ* 
Seconds 

100° 

117.  U 

118.3 

122.9 

126.2 

128,1 

152.6 

130° 

- 

- 

- 

- 

- 

- 

210° 

Uo.05 

Uo02 

iil,U3 

iil.9 

Ii2,12 

Ui.36 

Viscosity 

Index 

100. 2U 

103.6 

105.06 

111.1 

112,3 

U8.06 

Table  U6 


SANTOLDBE  203-A 


Sample  No, 

292 

293 

29U 

295 

296 

Base  Oil 

T ’hite  Oil 

- 

- 

- 

Wax 

Paraffin 

- 

- 

- 

- 

Per  cent 
Wax  Added 

2.0 

2.0 

2,0 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (®F) 

- 

-10 

-10 

- 

-10 

Cloud  Point  (°F) 

- 

Uo 

38 

- 

l4lt 

Viscosities 

Centlstokes 

100° 

- ' 

2U.6U 

25.00 

- 

26. 6U 

130° 

- 

- 

- 

210° 

«■> 

U.U3 

h»$h 

U.7 

Saybolt  Univ, 
Seconds 

100° 

117  .ii 

116.9 

- 

126,2 

210° 

- 

itO.76 

Ul.l 

- 

1+1.6 

Viscosity- 

Index 

96.05 

10U.7 

i03.il 

1U5 


WADC  TR 


Table  U? 


ACRYLOID  710 


Sample  No» 

U2 

113 

Base  Oil 

White  Oil 

- 

Wax 

Paraffin 

- 

Per  cent 
Wax  added 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

Pour  Point  (°F) 

+15 

+10 

Cloud  Point  (°F) 

U8 

50 

Viscosities 

Centi stokes 

100° 

2S.hl 

26.75 

130° 

- 

- 

210° 

h.63 

U.93 

Saybolt  Univ, 
Seconds 

100° 

121.0 

126.6 

210 

Ul.U 

142.38 

Viscosity 

Index 

108.6 

121.U 

llh 

115 

116 

Ml 

117 

4M 

2.0 

mm 

2,0 

2.0 

2.0 

3.0 

5.0 

10.0 

15.0 

0 

-10 

-15 

-15 

50 

U6 

hd 

U6 

31. UU 

37.15 

53.51i 

71.13 

5.9I4 

7.08 

10.35 

13.98 

1I47.3 

172.9 

2I47.7 

328,6 

U5.63 

I49.3 

60.I4I4 

73.83 

1I4O.3 

1147.0 

151.1 

151.5 

1U6 


Table  1;8 


SANTCOEX 


Sample  No. 

166 

167 

168 

169 

170 

Base  Oil 

Vihite  Oil 

- 

- 

- 

Vax 

Paraffin 

- 

■ - 

- 

- 

Per  cent 
Vax  added 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

Pour  Point  (®F) 

- 

20 

20 

- 

25 

Cloud  Point  (^) 

- 

U2 

UU 

" 

U2 

Viscosities 
Centi stokes 
100° 

26.18 

30.36 

U8.72 

130° 

- 

- 

- 

- 

- 

filO° 

- 

U.73 

5.51 

- 

8.89 

Saybolt  Univ. 
Seconds 

100° 

12U.1 

1U2.5 

225.5 

210° 

- 

i*l.73 

UU.2U 

- 

55.U2 

Viscosity 

Index 

110.7 

129.6 

H5.8 

Table  h9 


ACRYLOH)  HF  600 


Sample  No* 

1U8 

1U9 

150 

Mi 

152 

Ml 

Base  Oil 

White  Oil 

- 

- 

- 

- 

- 

Wax 

Paraffin 

- 

- 

- 

- 

- 

Per  cent 
Wax  added 

2,0 

2.0 

2.0 

2.0 

2.0 

2,0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°p) 

+20 

+20 

+20 

+20 

+20 

Cloud  Point  (°F)  U2 

UU 

UU 

UU 

U2 

UU 

Viscosities 

Centistoices 

100° 

2U.71 

26.55 

30.52 

3U+ea 

U3.U9 

60.27 

o 

o 

- 

- 

mm 

m 

•• 

- 

210° 

U.7U 

U,91 

5.8 

6,77 

9.9U 

12,9 

Saybolt  Univ, 
Seconds 

lOOO 

117.6 

125.8 

1U3.2 

162,7 

201.5 

278.7 

210° 

Ul.76 

U2.31 

U5.18 

U8.30 

59.01 

69.72 

Viscosity 

Index 

125.7 

129.8 

lUo.l 

161.2 

156.1 

Table  50 


LOW  MOLECULAR  WEIGHT  POLIBUTENE 


Sample  No* 

220 

221 

Base  Oil 

White  Oil 

- 

Wax 

Paraffin 

- 

Per  cent 
Wax  added 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

Pour  Point  (°p) 

mm 

25 

Cloud  Point  (°F) 

m 

U6 

Viscosities 

Centistokes 

lOOO 

m 

25.  lU 

130° 

- 

- 

2100 

- 

U.51 

Saybolt  Univ, 
Seconds 

100° 

•m 

H9«5 

210° 

- 

U.01 

Viscosity 

Index 

99.88 

222 

223 

2Zk 

225 

«■ 

- 

- 

ma 

mm 

2.0 

2.0 

2.0 

2.0 

3.0 

5.0 

10,0 

15.0 

26 

" 

25 

mm 

Uli 

- 

UL 

•• 

32.  lU 

- 

55.08 

m 

5.65 

- 

9.18 

wm 

I50.1i 

25U.8 

Ui.69 

56.U 

- 

125.5 

tm 

138. U 

WADC  TR  53-11 


lk9 


Table  5l 


HIGH  MOLSCUUR  1/, EIGHT  FOLYHJTENE 


Sample  No. 

238 

239 

2U0 

2hl 

2h2 

Base  Oil 

Vihite  Oil 

- 

- 

- 

- 

V<ax 

Paraffin 

- 

- 

- 

- 

Per  cent 
Viax  added 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

- 

25 

2$ 

- 

30 

Clour  Point  (°F) 

- 

U6 

U6 

- 

h6 

Viscosities 
Centi stokes 
100° 

4m 

26.87 

33.13 

51.36 

130° 

- 

- 

m- 

- 

■» 

210° 

«■ 

1.78 

5.77 

- 

8.ii2 

Saybolt  Univ, 
Seconds 

100° 

127.2 

15U.8 

237.6 

210° 

- 

Ul,89 

U5.08 

- 

53.8 

Viscosity  Index 

- 

108,5 

125.8 

- 

13U.7 

’w:ADC  TR  53-11 


150 


Table  52 


ACRYLOID  722 


Sample  No. 

130 

Base  Oil 

Vjhite  Oil 

Vvax 

Paraffin 

Per  cent 
Vax  added 

1.0 

Per  cent 
Additive 

o 

. 

vn. 

Pour  Point  (^F) 

*2$ 

Cloud  Point  (°F) 

Ux 

Viscosities 

Centistokes 

100° 

26.25 

130° 

- 

210° 

U.76 

Saybolt  Uhiv, 
Seconds 

100° 

12U.il 

210° 

ill. 82 

Viscosity 

Index  112 ,6 


’rtADC  TR  53-11 


131 

132 

133 

•* 

13U 

135 

1.0 

mm 

1.0 

1.0 

1.0 

1.0 

1.0 

3.0 

vn. 

• 

o 

10.0 

15.0 

20 

25 

15 

25 

25 

U6 

U6 

UU 

U8 

U6 

26,23 

29.78 

33.82 

56.5U 

60.13 

U.78 

5.56 

6.29 

10.88 

m 

11.U5 

12U.3 

139.9 

157.9 

261.5 

278.0 

UI.89 

uu.u 

U6.76 

62.32 

6U.37 

llU.5 

135.1 

IUO.3 

150.8 

150.2 

151 


L 


Table  53 


PARA  TONE 


Sample  No, 

16 

II 

78 

11 

80 

81 

Base  Oil 

White  Oil 

- 

- 

- 

- 

- 

Wax 

Paraffin 

- 

- 

- 

- 

•m 

Per  cent 
Wax  added 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0,5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

25 

20 

20 

15 

20 

25 

Cloud  Point  (^) 

h2 

hh 

Ui 

ko 

hS 

hh 

Viscosities 

Centistokes 

100° 

26,ii8 

28.0 

3U.28 

39.69 

51^.38 

79.27 

130° 

mm 

- 

- 

•m 

- 

- 

210° 

h,n 

5.02 

6.05 

6.93 

9.05 

12.88 

Saybolt  Iftiiv# 
Seconds 

100° 

i25oU 

132.1 

159.9 

l81i.l( 

251.5 

366.3 

210° 

Ul.56 

U2.66 

it5.98 

U8.82 

55.96 

69.6ii 

Viscosity 

Index 

111 

117.8 

130.8 

136.1 

138 

liil 

Tableau 


VINYL  ETHER  RESIN 


Sample  No. 

36U 

366 

366 

Base  Oil 

White  Oil 

- 

tm 

- 

- 

Wax 

Paraffin 

- 

am 

- 

- 

Per  cent 

Wax  added 

2.0 

2.0 

2,0 

2.0 

2,0 

Per  cent 

* 

1*0 

3.0 

«• 

10.0 

Additive 

Pour  Point  (°F) 

m 

20 

15 

- 

10 

Viscosities 

Centistokes 

100° 

- 

25*55 

28.16 

- 

UO.2 

130° 

- 

- 

- 

- 

- 

210° 

«■ 

U.61 

5.0U 

- 

7.06 

Saybolt  Univ, 
Seconds 

100° 

- 

121.3 

132,6 

am 

186.6 

210® 

- 

Ul.33 

U2.73 

- 

U9.2U 

Viscosity 

Index 

- 

105  o 8 

117.9 

- 

137. U 

iiAT'C  PR  11 


153 


Table  55 


SANTOrOUR  B 


Sample  No. 

262  263 

26U 

265 

266 

Base  Oil 

White  Oil 

- 

- 

- 

Wax  Microcrystalline  - 

- 

- 

- 

Per  cent 
Wax  added 

1.0  1.0 

1.0 

1,0 

1.0 

Per  cent 
Additive 

1.0 

3.0 

_ 

10,0 

Pour  Point  (°F) 

0 

1 

1 

-15 

- 

-30 

Cloud  P'oint  (*^) 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

25.3 

26,0 

27.0 

130° 

13.91 

lii.2U 

- 

111. 86 

210° 

U.5U 

U.65 

- 

li.60 

Saybolt  Univ, 
Sec  onds 

100° 

120.2 

123.3 

127.7 

210° 

ll.ll 

hl.hS 

- 

111.  95 

Viscosity 

Index 

101.3 

IOU.9 

109.0 

Table  $6 


POUREX 


Sample  No, 

208 

209 

210 

211 

212 

213 

Base  Oil 

Vihite  Oil 

- 

- 

- 

- 

- 

Vax 

Mic  roc  ry st alline 

0» 

- 

- 

m 

Per  cent 
VJax  added 

- 

- 

- 

- 

- 

mm 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  Point  (°F) 

- 

-20 

-10 

-25 

- 

Cloud  Point  (°F ) 

am 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

ma 

25.5 

26,6 

28.U 

130° 

- 

13.9U 

lii.33 

- 

15.15 

- 

210° 

- 

U.55 

h.69 

- 

U.88 

- 

Saybolt  Univ, 
Seconds 

100° 

121.1 

126,8 

133.9 

200° 

mm 

Ul.lii 

ll,60 

- 

12. 21 

- 

Viscosity- 

Index 

100.3 

102.8 

mm 

103.8 

Table  57 


SANTOPOUR  C 


Sample  No, 

196 

197 

198 

199 

200 

201 

Base  Oil 

White 

Oil  - 

- 

- 

- 

Wax 

Per  cent 

Mic  roc  ry  s talline 

- 

- 

- 

Wax  added 
Per  cent 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Additive 

0.5 

1.0 

3.0 

5.0 

1050 

15.0 

Pour  Point  (°F) 

-20 

-20 

- 

-30 

- 

Cloud  Point  (°F) 

Viscosities 

Centistokes 

mm 

mm 

mm 

100° 

- 

26.5 

29.3 

- 

U2.3 

- 

130° 

- 

lii.62 

16. U 

- 

2U.26 

- 

210° 

Saybolt  Univ, 
Seconds 

ii.78 

5.^5 

•• 

8.13 

- 

100° 

- 

125.5 

137.8 

•m 

196.0 

- 

210° 

Viscosity 

- 

iil.89 

IiU.05 

- 

52.8 

- 

Index 

- 

112,0 

133.1 

- 

lli9.2 

156 


Table  $8 


PARAFLOlv  U6X 


Sample  No. 

kl 

U6 

hi 

U8 

Ji9 

- ' " 

mmrnrn 

Base  Oil 

V/hite  Oil  C 

- 

- 

mm 

- 

- 

■yvax 

Per  cent 

Microcryst- 

alline 

• 

•• 

•• 

mm 

•• 

Vax  added 
Per  cent 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Additive 

0.5 

O 

0 

3.0 

5.0 

10.0 

15.0 

Pour  °F 

♦5 

+5 

0 

-20 

-10 

+5 

Cloud  °F 
Viscosity  °F 
Centi stokes 

Rm.  Temp« 

100° 

29.8 

30... 

30.8 

33.0 

36.0 

36.6 

130° 

15.1 

15.3 

15.9 

16,93 

18,19 

19.01 

210° 

U.6U 

U.67 

U.81 

5.00 

5.39 

5.7 

iSaybolt  Univ, 
Seconds 


100° 

HO.9 

lUO.9 

lUU.U 

15U.2 

167.7 

170.U 

130° 

210° 

U.U3 

Ul.5U 

U.7 

U2.3 

U3.86 

UU.93 

Viscosity 

Index 

6U.3 

66.8 

75.UU 

76.6 

88.6 

105.7 

-’••'I  - 


1?7 


Table  $9 


SANTOPOUR 


Sample  No» 

§k 

66 

67 

69 

Base  Oil 

VJhite  Oil  C 

•« 

- 

- 

- 

4M 

Max 

Microcryst- 

Wl 

Per  cent 
Vax  added 

alline 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour 

-10° 

-15° 

-15° 

-200 

-10° 

0° 

Cloud  °F 

- 

- 

- 

- 

— 

Viscosity  °F 
Centistokes 
100° 

27.5 

28.0 

27.8 

28.li 

29.8 

31,0 

130° 

111.  72 

111.  93 

lli,88 

15.10 

15.65 

16.29 

210° 

Ii.6l 

li.65 

li.72 

li.75 

li.90 

li.  06 

Saybolt  Univ, 
Seconds 

100° 

129.9 

132,1 

131.2 

133.9 

lllO.O 

lli5.3 

130° 

210° 

Ul.33 

lil.li6 

111,  69 

111,  79 

U2.28 

12,19 

Viscosity 

Index 

8U.9 

8li.5 

93.76 

91.2 

92.9 

97.5 

.vAT'C  TR  53-n 
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Table  60 


PARAFLOW  FDX 


Sample  No* 

100 

101 

102 

103 

loU 

105 

Base  Oil 

khite  Oil 

- 

- 

- 

- 

Vvax 

Micro- 

•• 

Per  cent 
V.ax  added 

Crystalline 
1.0  1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

-10 

-15 

-20 

-20 

-15 

-15 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

- 

Viscosities 
Centi stokes 
100® 

27. U 

28.0 

29.9 

31.9 

33.8 

36.0 

130° 

iu.5 

111.  78 

15.  U9 

16,2 

17oU 

18.69 

210° 

U.59 

1i.62 

U.75 

li.87 

5.29 

5.61 

Saybolt  Univ, 
Seconds 

100° 

129.5 

132.1 

liiO.5 

11j9.3 

157.8 

167.7 

210° 

UO.27 

U.37 

iil.79 

142.18 

i*3.5U 

hh,S6 

Viscosity 

Index 

8U.05 

80*95 

76.9 

72.0 

95.1i 

102.7 

Table  61 


ACRYLOID  710 


Sample  No, 

118 

119 

120 

121 

122 

■ ' 

Base  Oil 

White  Oil 

- 

- 

- 

mm 

Vvax 

Micro  Crystalline 

- 

- 

- 

M 

per  cent 
Viax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

+10 

+5 

-10 

-5 

-10 

-10 

Cloud  Point  (°F) 

- 

m 

- 

0 

mm 

Viscosities 

Centistokes 

100° 

28.6 

30,0 

35.6 

lo.l 

57.0 

78.0 

130° 

15.13 

16.03 

19.37 

22.58 

32.63 

15.01 

210° 

1.81 

5.11 

6.21 

7.19 

10.92 

15.2 

Saybolt  Univ, 
Seconds 

100° 

13U.7 

110.9 

165.9 

187.5 

263.6 

360.1 

210° 

11.98 

12.95 

16.19 

50.67 

62.16 

78.53 

Viscosity 

Index 

95.25 

108.9 

130.5 

111.3 

150.6 

150.6 

Table  62 


SANTOLUBE  203-A 


Sample  No. 

296 

299 

300 

301 

302 

Base  Oil  lihite  Oil 

- 

- 

- 

Vax  Microary stalline 

- 

- 

Per  cent 
Viax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (®F) 

- 

- 

- 

•m 

- 

Cloud  Point  (°F) 

- 

-5 

-5 

- 

0 

Viscosities 

Gen ti stokes 

o 

8 

- 

25,3 

26.0 

- 

27.0 

130° 

- 

13.89 

lU.lU 

- 

IU.86 

210° 

- 

U.55 

U66 

- 

1*.82 

Saybolt  Univ, 
Seconds 

100° 

- 

120.2 

123.3 

- 

127.7 

2100 

-q 

Ui.iU 

Ul.50 

- 

li2.02 

Viscosity 

Index 

102  .U 

106.0 

110.8 

■lADC  TH 


I6l 


Table  63 


ACRYLOID  150 


Sample  No. 

20 

21 

22 

23 

25 

Base  Oil 

\iihite  Oil 

C’'*’  - 

- 

- 

- 

- 

- 

V^ax 

Microcryst- 

alline 

- 

- 

- 

- 

- 

Per  cent 
Vjax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0 

0.5 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  °F 

+15° 

-5° 

-5° 

0° 

0° 

+50 

+50 

Cloud°F' 

Rm.  Temp. 

- 

- 

- 

- 

- 

- 

Viscosity°F 

Centi stokes 

100° 

33.7 

U2.02 

U2.89 

50.55 

66. 2U 

93.77 

12U.0 

130° 

lii.67 

- 

- 

- 

- 

- 

- 

210° 

h.$9 

5.07 

5.75 

6.6 

8.U6 

13.16 

16.93 

s.u.s. 

100° 

158.0 

19U.6 

190.7 

233.9 

306.1 

U33.2 

572.88 

130° 

210® 

U.l 

U2.82 

U5.02 

U7.75 

53. 9h 

70.81 

85.U2 

Viscosity 

Index 

0.0 

1U.U5 

75.02 

87.U 

106.3 

131.2 

132.7 

Table  Sh 


SAN  TOD  EX 


Sample  No. 

172 

173 

17li 

176 

177 

•mmmmmt 

' " ’ 

Base  Oil 

V.hite  Oil 

- 

- 

- 

- 

mm 

Tftiax 

Micro- 

mm 

Per  cent 
V/ax  added 

crystalline 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

- 

10 

10 

mm 

5 

- 

Cloud  point  (°F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

28.9 

31.5 

52.5 

130° 

- 

15.0 

17.23 

28.35 

m 

210° 

- 

U.87 

5.71 

- 

9.36 

- 

Saybolt  Univ. 
Seconds 

100° 

136.1 

li;7.5 

21*2.9 

210° 

- 

12.18 

hh.QB 

- 

57.02 

- 

Viscosity 

Index 

98,25 

131.8 

lltli.5 

163 


Table  65 


ACRYLOID  HF  600 


Sample  No, 

ill 

156 

157 

OOI 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Viax  Microcrystalline** 

- 

«i» 

- 

Per  cent 
Vax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3*0 

5.0 

10.0 

Pour  Point  (°F) 

- 

10 

5 

- 

10 

Cloud  Point  (°F) 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

27.8 

31.2 

- 

- 

U7.6 

130° 

15.38 

17.31 

- 

- 

28.  U9 

210° 

5.12 

5.83 

- 

- 

10.23 

Saybolt  Univ, 
Sec onds 

100° 

131.2 

1U6.2 

- 

- 

220. li 

210° 

h2,68 

U5.28 

- 

- 

60.02 

Viscosity 

Index 

125.8 

137.8 

158.0 

r 


Table  66 


LOVJ  MOLECULAR  WEIGHT  POLYBUTENE 


Sample  No« 

226 

227 

228 

229 

230 

231 

Base  Oil 

White  Oil 

- 

- 

«• 

- 

- 

V/ax 

Microcrystalline 

mm 

m 

- 

- 

Per  cent 
VJax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

o 

• 

VA 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  Point  (®F) 

- 

10 

10 

- 

10 

- 

Cloud  Point  (“F) 

- 

- 

r 

- 

- 

- 

Viscosities 

Centistokes 

100® 

32.1 

33.9 

mm 

5U.0 

130* 

- 

17.53 

18,27 

mm 

29.56 

■» 

210® 

- 

5.61 

5.85 

- 

9.20 

- 

Saybolt  Univ. 
Seconds 

100® 

150.2 

158,2 

2U9.9 

210® 

- 

Wi.56 

U5.3U 

mm 

56.U1 

- 

Viscosity 

Index 

•• 

12U.3 

125.2 

mo.u 

rt’ALC 


-11 
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Table  6? 


HIGH  MOLECULAR  WEIGHT  POLYBUTEflE 


Sample  No. 

lii5 

2U6 

2U7 

2U8 

Base  Oil 

'White  Oil 

- 

- 

- 

- 

Wax 

Micr  OCT  ys  talline 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

- 

1.0 

3.0 

_ 

10.0 

Pour  Point  (”?) 

- 

10 

10 

- 

5 

Cloud  Point  (“F) 

- 

- 

- 

- 

Viscosities 

Centistokes 

100" 

mm 

29,0 

32.2 

- 

53.5 

130" 

- 

15.51 

17. 6U 

- 

29.01 

210" 

- 

U.98 

5.65 

mm 

8.87 

Saybolt  Univ, 
Seconds 

100" 

- 

136.5 

150.6 

- 

2U7.5 

210" 

- 

h2,Sk 

UU.6? 

- 

55.3U 

Viscosity- 

Index 

106.7 

125.5 

15U.7 

Table  68 


ACRYLOID  722 


Sample  No, 

136 

137 

138 

139 

mo 

mi 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Wax 

Microcrystalline 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (“F) 

15 

15 

15 

10 

10 

10 

Cloud  Point  (®F) 

- 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100“ 

28.6 

29.U 

33.9 

37.2 

U8 

68. 6U 

130“ 

15.13 

15.5 

18.23 

20, hi 

27.75 

35.85 

210" 

U.87 

U.95 

5.92 

6.73 

9.27 

11,9 

Say bolt  Univ, 
Seconds 

100* 

13U.7 

138.3 

158  r 2 

173.1 

222,2 

295.8 

210“ 

U2.18 

U2.UU 

U5.56 

U8.17 

56.72 

66,0 

Viscosity 

Index 

99.96 

100.9 

127.8 

139.3 

150.7 

m8.7 

• . • « -I  ■rr  ' • •• 

(lAi  i i'>  i 


11 
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Table  69 


PAMTONE 


Sample  No. 

82 

§1 

§1 

86 

iZ 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Max 

Micro- 

crystalline 

- 

- 

•• 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

leO 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (®F) 

5 

5 

10 

10 

10 

10 

Cloud  Point  (*F) 

- 

- 

- 

- 

Viscos ities 

Cent:,  stokes 

100“ 

28.8 

31.0 

3U.1 

39.8 

55 

70.5 

C 

O 

15.  U1 

16.39 

18. lU 

21.21 

29.68 

39.25 

210^ 

U.88 

5.19 

6.72 

6.6U 

9.09 

11.06 

Saybolt  Univ, 
Seconds 

100“ 

135.6 

lU5c3 

159.2 

184.8 

25U.U 

325.7 

210“ 

U2.21 

U3.21 

hk.92 

U7.86 

56.1 

65.86 

Viscosity- 

Index 

99.96 

107.3 

118.5 

128.3 

137.5 

142.9 

168 


70 


VOIYL  ETHER  RESIN 


Sample  No» 

376 

377 

378 

379 

380 

Base  Oil 

White  Oil 

“ 

mm 

- 

- 

Wax  Micracrystalline 

- 

- 

- 

Per  cent 

1.0 

1.0 

1.0 

1.0 

1.0 

Wax  added 
Per  cent 

1.0 

3.0 

10.0 

Additive 
Pour  Point  (”F) 

- 

15 

15 

■■ 

15 

Viscosities 

Centistokes 

100* 

26.0 

28.0 

38.9 

0 

0 

«■ 

IU.23 

15.62 

- 

21.7U 

210* 

- 

U.70 

5.15 

- 

7.02 

Sayvolt  Univ, 
Seconds 

100* 

123.3 

132.1 

160.8 

210* 

- 

Ul.63 

U3.08 

U9.ll 

Viscosity 

Index 

109.7 

1260I 

lUO.6 

WABC  TR  53-11  ' 169 


Table  71 


S 'lNTOPOUR  B 


Sample  No. 

268 

269 

270 

271 

272 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Wax 

Paraffin  and 
Micr  ocry s talline 

- 

- 

- 

Per  cent 
V!ax  added 

1.0 

1.0 

1.0 

1,0 

1.0 

Per  cent 
Additive 

- 

1.0 

3.0 

_ 

10.0 

Pour  Point  (®F) 

- 

-30 

-iiO 

•• 

-uo 

Cloud  Point  ("F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100* 

- 

2U.8 

25.2 

- 

26.8 

130° 

- 

13.5 

13.78 

- 

1U.U6 

210° 

- 

u.uu 

U.56 

- 

U.71 

Saybolt  Univ, 
Seconds 

100° 

118.0 

119.8 

126.8 

210° 

- 

U0.79 

Ul.17 

Ul,66 

Viscosity 

Index 

96.16 

10U.6 

102.9 

. A T' 
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Table  72 


PARAFLOW  PDX 


Sample  No« 

106 

107 

108 

109 

110 

111 

Base  Oil 

White  Oil 

- 

- 

- 

- 

- 

Wax 

Paraffin  and 
Microcrystalline 

- 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (®F) 

-15 

-10 

-15 

-15 

-35 

-35 

Cloud  Point  (®F) 

- 

- 

- 

- 

•M 

- 

Viscosities 

Centistokes 

100“ 

26.6 

27.2 

28.0 

29.U 

31.8 

36.1 

130" 

1U.21 

lU.UU 

1U.86 

15.55 

16.69 

18, U8 

210" 

U.52 

U.59 

U.68 

U.85 

5.21 

5.52 

Saybolt  Univ, 
Seconds 

100" 

126.0 

128.6 

132cl 

138.3 

1U8.8 

166.2 

210" 

UloOU 

Ul.27 

U1.56 

U2.12 

U3.27 

U4.27 

Vise os ity 
Index 

8U,6 

86.1 

87.8 

91.9 

103.2 

96.8 

Table  73 


SANTOPOUR  C 


Sample  No* 

190 

191 

192 

193 

19U 

195 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Wax 

Paraffin  and 
Microcirstalline 

- 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (“F) 

- 

“15 

-10 

- 

-20 

Cloud  Point  (®F) 

- 

- 

•m 

- 

- 

m 

Viscosities 

Centi stokes 

100“ 

- 

27.2 

30 

- 

U3.U 

- 

130" 

m 

IU.78 

16.56 

- 

2U.6 

- 

210“ 

«■ 

U.82 

5.U6 

- 

8.23 

- 

Saybolt  Univ. 
Seconds 

100" 

- 

128.6 

IUO.9 

- 

201.0 

- 

210" 

ml 

U2.02 

UU.08 

- 

53.15 

- 

Viscosity- 

Index 

. 

109.0 

129.U 

1U8.2 

WATC  I’R  5>11 
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Table  ?U 


SANTOPOUR 


Sample  No. 

71 

72 

12 

Jii 

12 

Base  Oil 

White  Oil  C 

am 

- 

- 

- 

- 

Wax 

Paraffin  and 

Micr OCT ^ talline 

- 

am 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Cf) 

0 

-15 

-25 

-20 

-15 

-20 

Cloud  (“F) 

- 

- 

mm 

- 

- 

Viscosity  "F 

Centistekes 

100* 

29.8 

29.9 

30.0 

30.0 

30.0 

31.9 

130* 

15.16 

15.20 

15.21 

15.25 

15L75 

16.58 

210 1 

U.59 

U.60 

U.65 

U.72 

U.89 

5.12 

Say  bolt  Univ, 
Seconds 

100* 

lUo.o 

lUO.5 

IUO.9 

IUO.9 

IUO.9 

Hi9.3 

130* 

- 

- 

- 

am 

- 

- 

210? 

Ul.27 

Ul.3 

U1.U6 

Ul.69 

U2.25 

U2.90 

Viscosity 

Index 

58.00 

58.3 

63.9 

72.U5 

90.7 

95.7 

WADC  TR  53-11 
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Table  75 


POUREX 


Sample  No. 

2lU 

215 

216 

217 

218 

219 

Base  Oil 

White  Oil 

- 

- 

- 

- 

- 

Wax 

Paraffin  and 

_ 

_ 

Per  cent 
Wax  added 

Microcrystalline 

2.0  2.0 

2.0 

2.0 

2.0 

2.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (“F) 

-20 

-20 

- 

-25 

•a 

Cloud  Point  ( 

“F) 

- 

•m 

- 

- 

tm 

Viscosities 

Centistokes 

100“ 

25.3 

26.1 

27.5 

aft 

130* 

- 

13.72 

IU.06 

- 

lU.16 

- 

210“ 

U.5 

ii.63 

- 

U.81 

mm 

Saybolt  Univ. 
Seconds 

100“ 

120.2 

123.7 

129.9 

210“ 

- 

UO.98 

Ul.U 

a* 

Ul.98 

- 

Viscosity 

Index 

97.0 

102.0 

105.3 

mm 

WADC  TR  53-11 
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Table  74 


PARAPLOW  U6X 


Sample  No. 

li 

Base  Oil 

White  Oil  C 

- 

MB 

- 

- 

- 

Wax 

Paraffin  and 
Mi  cr ocr ys t alline 

- 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  "F 

+10 

+5 

0 

-10 

-20 

0 

Cloud  "F 

Rm.  Temp. 

- 

- 

- 

- 

Viscosity  ®F 

Centistokes 

100* 

29.6 

30.1 

30.2 

32.3 

3U.3 

37.2 

130" 

15.11 

15.32 

15.79 

16.U6 

17.71 

19.01 

210° 

U.6 

U.6U 

U.77 

U.96 

5.35 

5.71 

Saybolt  Univ, 
Seconds 

100" 

lUO.O  iui.3 

lUl.8 

151.0 

158.7 

173.1 

130" 

- 

- 

- 

- 

- 

- 

210“ 

Ul.31 

U1.U3 

Ul.56 

U2.U7 

U3.73 

UU.88 

Viscosity 

Index 

59.9 

61.5 

76.U 

78.  OU 

98.32 

101.9 

'.v7\DC  IK  53-11 
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Table  7^ 


SANTOLUBE  203^A 


Sample  No. 

30U 

305 

306 

307 

308 

Base  Oil 

White  Oil 

- 

- 

Wax 

Paraffin  and 
Microcrystalline 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

«■» 

1.0 

3.0 

- 

10.0 

Pour  Point  (“F) 

- 

A 

- 

mm 

Cloud  Point  (®F) 

- 

-10 

-15 

- 

-5 

Viscosities 

Centistokes 

100  ^ 

2U.7 

25.0 

a* 

26.3 

130“ 

- 

13.  U8 

13. 7U 

<m 

IU.51 

210“ 

- 

U.Ui 

U.57 

- 

U.8 

Saybolt  Univ, 
Seconds 

100* 

- 

117.6 

118.9 

- 

12U.6 

210* 

- 

UO.88 

ill.  25 

- 

Ul.95 

Viscosity- 

Index 

100.7 

107.8 

115.5 

;.ATC  s;>ll 
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Table  78 


ACRYLOID  150 


Sample  No. 

26 

2§ 

a 

22 

21 

21 

Base  Oil 

White  Oil  C 

- 

- 

- 

- 

Wax 

Paraffin  and 
Microcrystalline 

- 

" 

mm 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  “F 

♦15° 

-5* 

-10" 

-10* 

-15" 

-15" 

15" 

Cloud  *F 

Rm.  Tamp. 

- 

- 

- 

- 

- 

Viscosity  ‘‘F 

Centistokes 

100* 

28.Ui 

31.55 

31.89 

38.31 

U8.5 

77.0 

119.7 

130* 

13.73 

- 

- 

- 

m 

m 

210“ 

U.5 

U.88 

5.07 

6.38 

8.11 

12.5 

17.39 

Saybolt  Univ, 
Seconds 

100* 

13U.1 

1U7.7 

1U9.3 

182.6 

222.5 

337.0 

520.0 

130“ 

- 

- 

- 

- 

- 

- 

210“ 

UO.98 

U2.21 

U2.82 

U7.05 

52. 7U 

67.9 

86.0 

Viscosity 

index 

61.U5 

75.23 

91,h 

120.6 

135.5 

lUO.O 

lUO.O 

.'iADC-TR  53-11 
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Table  79 


ACRYLOID  710 


Sample  No. 

12U 

125 

126 

127 

128 

129 

Base  Oil 

White  Oil 

- 

- 

- 

- 

- 

Wax  Paraffin  and 

Microcrystalline 

- 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  ("F) 

+15 

5 

5 

5 

5 

5 

Cloud  Point  (‘F) 

«m 

mm 

- 

- 

- 

mm 

Viscosities 

Centistokes 

100 

28.1 

30.3 

3U.1 

39.8 

59.5 

92.5 

130“ 

15. OU 

16.3 

18.88 

22.05 

32. 9U 

53.91 

210“ 

U.79 

5.3 

6.2U 

7.28 

ll.OU 

18. Ul 

Saybolt  Univ. 
Seconds 

100* 

132.5 

1U2.2 

159.2 

16U.8 

275.1 

U27.U 

210* 

Ul.92 

U3.57 

U6.59 

U9.97 

62.88 

91.51 

Viscosity 

Index 

97.89 

119.1 

137.7 

1U2.3 

1U8.5 

150.1 

WAPC  TR  33“1-^- 
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Table  80 


SMTODEX 


Sample  No. 

178 

IPO 

181 

182 

183 

■■ 

■ ' ^ 

Base  Oil 

White  Oil 

- 

- 

im 

- 

- 

Wax 

Paraffin  and 

tm 

Micr  ocrys  talline 

Per  cent 

Wax  added  1,0  1,0 

1.0 

1.0 

1,0 

1.0 

Per  cent 
Additiire 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  ('F) 

- 

10 

10 

- 

10 

- 

Cloud  Point  (“F) 

- 

- 

- 

- 

- 

«• 

Viscosities 

Centistokes 

100“ 

27.1* 

32.0 

1*9.0 

130" 

- 

11*.  7 9 

17.2 

m 

27.8 

210" 

- 

U.76 

5.61 

- 

9.22 

- 

Saybolt  Univ, 
Seconds 

100" 

129,5 

11*9.7 

mm 

226.8 

210’’ 

- 

la.82 

1*1*. 56 

- 

56.5U 

- 

Viscosity 

Index 

101.7 

12U.8 

11*8.7 
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Table  81 


ACRTLOID  HF  600 


Sample  No. 

160 

161 

162 

163 

16U 

165 

U- 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Wax 

Paraffin  and 

am 

Per  cent 
Wax  added 

Microcry s talline 

1,0  1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

51.0 

10.0 

15.0 

Pour  Point  (“F) 

- 

10 

10 

- 

5 

- 

Cloud  Point  ^*F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100® 

26.8 

31.0 

UU.8 

am 

130® 

- 

IU.89 

17.22 

am 

27.65 

210® 

«■ 

h.9h 

5.88 

- 

10.17 

- 

Saybolt  Univ, 
Seconds 

100® 

126.8 

1U5.3 

207.5 

am 

210’ 

- 

U2.U1 

U5.UU 

- 

59.81 

- 

Viscosity- 

Index 

121.8 

lliO.U 

161.3 

Ts^ 
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Table  82 

HIGH  MOLECULAR  WEIGHT  POLYBUTBNE 


Sample  No. 

250 

251 

252 

253 

251+ 

255 

Base  Oil 

White  Oil 

- 

mm 

- 

- 

VJax  Paraffin  and 

Microcrystalline 

- 

- 

- 

Per  cent 

Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 

Additive 

1.0 

3.0 

m 

10.0 

- 

Pour  Point  (”F) 

mm 

10 

10 

- 

10 

- 

Cloud  Point  (*F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100* 

- 

27.0 

31.0 

mm 

52.1+ 

- 

130* 

- 

IU.8 

17.02 

- 

28.65 

- 

210* 

- 

U.8 

5.51 

mm 

8.83 

- 

Saybolt  Univ. 
Seconds 

100* 

- 

127.7 

11+5.3 

- 

21+2.9 

- 

210* 

- 

111.  95 

U+.21+ 

- 

52.2 

- 

Viscosity 

Index 

- 

109,0 

125.8 

- 

138.1+ 

- 

»vAlX}  TR  ^3“^  i 


181 


Table  83 


I£)VJ  molecular  vieight  polybutene 


Sample  No. 

233 

23li 

235 

236 

237 

Base  Oil 

White  Oil 

- 

mm 

a. 

Wax 

Parafl'iii  and 

Microcrystalline 

- 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  ('F) 

- 

10 

5 

- 

10 

Cloud  Point  ("F) 

- 

Viscosities 

Centistokes 

100“ 

28.7 

32.2 

- 

52.7 

130” 

mm 

15.06 

17.7U 

- 

28.73 

tm 

210? 

mm 

k>90 

5.73 

- 

6.99 

Saybolt  Univ, 
Seconds 

100“ 

mm 

135.2 

150,6 

- 

2U3.8 

210” 

- 

U2.28 

UU.95 

- 

55.76 

Viscosity 

Index 

- 

111,1 

128.9 

lao.i 

mm 

WADC  TR  53-11  162 


Table  Bh 


ACRTLOID  722 


Sample  No, 

1U2 

M 

11*6 

MI 

Base  Oil 

White  Oil 

- 

•a 

- 

Wax 

Paraffin  and 
Micr  ocr y s talline 

- 

- 

- 

Per  cent 
Wax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  ("F) 

15 

10 

15 

20 

20 

15 

Cloud  Point  ( F) 

- 

- 

- 

Viscosities 

Centi stokes 

100“ 

27.U 

29.0 

33.2 

39.6 

51.8 

63.0 

130* 

IU.79 

15.63 

18,03 

2lM 

28.2 

35.57 

210“ 

h,79 

5.01 

5.87 

6.95 

9.29 

11.89 

Saybolt  Univ, 
Seconds 

100* 

129.5 

136.5 

155.1 

183.9 

239.7 

291.2 

210* 

Ul.92 

U2.63 

U5.U 

1*8.88 

56.78 

65.97 

Viscosity- 

Index 

10U.8 

109.U 

129.3 

136.9 

11*6.5 

11*9.7 

WADC  TH  j)>ll 
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Table  8^ 


PARATONE 


Sample  No. 

m 

§9 

90 

91 

92 

21 

Base  Oil 

Fhite  Oil 

- 

- 

- 

mm 

- 

Fax 

Paraffin  lit 
Micro- 
crystalline 

— 

— 

— 

•• 

mm 

Per  cent 
Fax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

20 

20 

20 

15 

20 

20 

Cloud  Point  (®F) 

- 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

27.7 

28.5 

3U.5 

37.0 

53 

83,0 

130° 

lli.9 

15,21 

18.6 

19.78 

29.16 

U^.95 

210° 

U.75 

k.9 

5.87 

6.21 

9.06 

13.51 

Saybolt  Univ. 

Seconds 

100° 

130.8 

13U.3 

161.0 

172.2 

2U5.2 

383.5 

210° 

U1.79 

U2.28 

U5.U 

U6.U9 

55.99 

72.0li 

Viscosity- 

Index 

97,9 

10U.3 

123.6 

12U.7 

liiO.5 

H1I.2 

A ADC  Dn  ■'  ^-11 
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Table  86 


VINYL  ETHER  RESIN 


Sample  No. 

370 

371 

372 

373 

37h 

Base  Oil 

White  Oil 

- 

- 

- 

- 

Hax 

Paraffin  and 
Nicrocrystalline 

- 

- 

- 

Per  cent 

?>ax  added 

1.0 

1.0 

1.0 

1.0 

1.0 

Per  cent 

Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

Viscosities 

Centistokes 

' 

10 

15 

15 

100® 

- 

26.1 

29.3 

- 

Uo.o 

130® 

- • 

lii.37 

15.82 

- 

21.96 

210° 

Saybolt  Univ, 
Seconds 

4MB 

li.70 

5.15 

mm 

7.0U 

100° 

- 

123.7 

137.8 

- 

185.7 

210° 

- 

lil.63 

U3.08 

- 

U9.17 

Viscosity 

Index 

- 

108.7 

116.7 

- 

132.6 

WADC  TR  53-11 
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Table  87 


Paraflow  PDX 

Acryloid  710 

Sample  No. 

U07 

U06 

U09 

UlO 

U3 

UlU 

U16 

Base  Oil 

Penn  Bright  Stock 

Penn  Bright  Stock 

Per  cent 
Additive 

1.0 

3.0 

5.0 

10.0 

1.0 

3.0 

5.0 

Pour  Point  (°F)  0 

-10 

-10 

-10 

0 

0 

0 

Viscosities 

Centisiokes 

100° 

U70.5 

U66.3 

U60.8 

U*5.U 

k83.6 

li77.k 

6U1.5 

130° 

- 

- 

mm 

- 

- 

mm 

- 

210° 

31.2 

31.07 

30.86 

30.50 

32.5 

32.66 

50.U3 

Saybolt  Univ 
Seconds 

• 

100° 

2173.7 

215U.3 

2128,9 

2063. U 

223U.2 

2205.6 

2963.7 

210° 

1U7.2 

1U6.6 

1U5.7 

lUU.l 

153.0 

153.7 

235.0 

Viscosity 

Index 

102  .U 

102,5 

102.7 

103.6 

10U.5 

106,0 

118.8 

WADC  TR  53-11 
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Table  88 


Santopour 

Paratone 

Sample  No. 

39$ 

396 

397 

398 

UOl 

U02 

Base  Oil 

Penn  Bright  Stock 

Penn  Bright  Stock 

Per  cent 
Additive 

1.0 

3.0 

5.0 

10.0 

1.0 

3.0 

10.0 

Pour  Point(°F) 

+S 

-10 

-10 

-10 

+10 

+10 

+10 

Viscosities 

Centisto'^es 

lOO*" 

U68.3 

Ui7.U 

U25.U 

380.7 

U96.9 

53U.2 

707.7 

130° 

- 

- 

- 

- 

- 

- 

- 

210° 

31.06 

30.12 

29.28 

27.15 

32.61 

35.7 

U8.5I1 

Saybolt  Univ, 
Seconds 

100° 

2163.5 

2067.0 

1965.3 

1758.8 

2295.7 

21j68.0 

3269.6 

210° 

1U6.6 

11|2.U 

138.7 

129.3 

153.2 

106.7 

113.8 

Viscosity- 

Index 

102.3 

102.3 

102.9 

102.8 

103.2 

106.7 

113.8 

’niADC  TR  5>11 
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Table  89 


Santodex  Santopour  C 


Sau9>le  No* 

U31 

437 

438 

Base  Oil 

Penn  Bright  Stock 

Penn  Bright  Stock 

Per  cent  Additive 

1.0 

3.0 

10.0 

l»o 

3.0 

10.0 

Pour  Point  (®F) 

+10 

+10 

+10 

-5 

-10 

“5 

Cloud  Point  (*^) 

- 

- 

- 

- 

- 

M 

Viscosities 

(jentistokes 

100° 

kV.3 

U66.0 

536.9 

486.6 

508.7 

584.3 

130° 

- 

- 

- 

- 

- 

210° 

31.98 

3li«  06 

U2.2 

32.53 

34.66 

42.17 

Saybolt  Univ, 
Seconds 

100° 

2205,1 

22U5.3 

2680,5 

2248,1 

2350.2 

2699.5 

130° 

- 

- 

- 

- 

- 

- 

210° 

150.7 

160,1 

197. CT 

153.1 

162,8 

196.8 

V iscosity 

Index 

103.8 

108.1 

117.9 

104,2 

107.0 

113.9 

WADC  TR  5>11 


188 


Table  90 


San^le  No. 

363 

Base  Oil 

Penn  Bright  Stock 

Per  cent 

Additive 

1.0 

3.0 

Pour  Point  (®F) 

-5 

-5 

V iscoslties 
Centisibkes 

100° 

U96.4 

505.U 

130° 

- 

- 

210° 

32.96 

33.67 

Saybolt  Univ, 
Seconds 

100° 

2293.U 

233U.9 

O 

o 

- 

- 

210° 

155.1 

158.3 

Viscosity 

Index 

101*. 2 

105.0 

ParafloTT  l*6x 


386 

389 

390 

392 

Penn  Bright  stock 

10.0 

1.0 

3.0 

10.0 

-5 

♦5 

+5 

+5 

572.3 

U76.1 

1*69.2 

1*50.8 

- 

- 

- 

- 

39.33 

31.U 

31.21 

30.95 

26UU.0 

2199.6 

2167.7 

2082,7 

- 

- 

•» 

183.9 

1U8.1 

11*7.2 

11*6.1 

110.3 

102.3 

102,6 

10U.3 

WADC  TR  53-11 
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Table  91 


Santolube*  203A 


Vinyl  Ether  Resin 


Sample  1^0. 

U73 

U7U 

U76 

h21 

U98 

500 

Base  Oil 

Penn  Bright  Stock 

Penn  Bright  Stock 

Per  cent 
Additive 

1.0 

3.0 

10,0 

1.0 

3.0 

10.0 

Pour  Point  (°F) 

+10 

0 

-10 

+10 

+10 

+10 

Cloud  Point  (°F) 

- 

- 

- 

M 

•• 

- 

Viscosities 

djentistokes 

100°. 

U71.5 

U55.9 

UOl.6 

U73.8 

U7U.3 

1+70.U 

130° 

- 

- 

- 

- 

- 

210° 

31.16 

30.U3 

28.16 

31.6 

32.36 

35.11 

Saybolt  Univ, 
Seconds 

100° 

2178.3 

2106.3 

1855.U 

2189.0 

2191.3 

2173.2 

130° 

- 

- 

- 

- 

210° 

1U7.0 

Ht8.8 

133.7 

1U9.0 

152. U 

I6ii,8 

Viscosity 

Index 

102.2 

102.1 

102.8 

103.2 

105.3 

112.0 

WADC  TR  5>U 
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Table  92 


Pourex 

Low  Molecular  freight 
Polybutene 

Sample  No, 

Mik 

UU6 

Mt2 

U50 

Base  Oil 

Penn  Bright  Stock 

Penn  Bright  Stock 

Per  cent 
Additive 

1.0 

3.0 

10.0 

1.0 

3.0 

10,0 

Pour  Point  (°F) 

+10 

0 

-5 

+10 

+10 

+10 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

V iscosities 
Centistokea 

100° 

U69.U 

U50.3 

39h.k 

U95.6 

532.7 

689.9 

130° 

- 

- 

- 

- 

- 

- 

210° 

31.15 

:o.3o 

27.63 

32,77 

35.U7 

U7.29 

Saybolt  Univ, 
Seconds 

100° 

2168,6 

2080.1i 

1822.1 

2289,7 

2U61.1 

3187.2 

130° 

- 

- 

- 

- 

- 

- 

210° 

Hi7.0 

1U3.2 

131. U 

15U.U 

166.5 

220,5 

Viacosity 

Index 

102. U 

102.5 

102.1 

103.8 

106, U 

113. 

VADC  TR  53-11 
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Table  93 


High  Molecular  Weight 

Polybutene  Santopour  B 


Sample  No, 

U58 

U6l 

h62 

464 

Base  Oil 

Penn  Bright  Stock 

Penn  Bright  Stock 

Per  cent 
Additive 

1.0 

3.0 

10.0 

1.0 

3.0 

10.0 

Pour  Point  (°F) 

+10 

+10 

+10 

+5 

+5 

-10 

Cloud  Point  (®F) 

- 

- 

- 

- 

- 

- 

Viscosities 

Ceniistokes 

100® 

501.3 

5U3.1 

702.3 

U65.7 

Ui7.5 

378.1 

130® 

- 

- 

- 

- 

- 

w* 

210° 

32. 9U 

35.72 

I46.36 

30. 9U 

30.09 

27.14 

Saybolt  Univ. 
Seconds 

100° 

2316.0 

2509.1 

32UU.6 

2151.5 

2067.ii 

1746.8 

130° 

- 

- 

- 

- 

• - 

- 

210° 

155.0 

167.6 

116.1 

H16.I 

142.3 

129.2 

Viscosity 

Index 

103.7 

105.9 

111.5 

102.3 

102.2 

103.2 

Table 


Acryloid  ?22 

Acryloid  HF-600 

San^le  No. 

102 

U20 

1*22 

1*26 

1*28 

Base  Oil 

Penn  Bright  Stock 

Perm  Bright  Stock 

Per  cent 
Additive 

1.0 

3.0 

10.0 

1.0 

3.0 

10,0 

Pour  Point  (®P) 

-10 

0 

-10 

+10 

+5 

+10 

Cloud  Point  (®F) 

- 

mm 

- 

- 

- 

- 

Viscosities 

Centistokes 

100® 

U70.1 

U60.6 

55U.5 

1*63.6 

1*1*0,6 

81*3.5 

130® 

- 

- 

- 

- 

- 

210® 

31.22 

31.13 

1*2.7 

31.03 

33.5U 

7U.77 

Saybolt  Univ, 
Seconds 

100® 

2171.9 

2128.0 

2561,8 

21I4I.8 

2035.6 

3897.0 

130° 

- 

- 

- 

- 

mm 

- 

210® 

1U7.3 

11*6.9 

199.5 

ll*6oU 

157.8 

31*7.8 

V iscosity 
Index 

102.6 

103.5 

116,5 

102,8 

112.1 

123.7 

ivADC  TR  53-11 
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Table  95 


ACRYLOID  150 


Sample  No, 

700 

701 

702 

703 

7OU 

705 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  Point  (®F) 

- 

-10 

-10 

- 

+10 

- 

Cloud  Point  (°F) 

- 

+lli 

+12 

- 

+114 

- 

Viscosities 

Centistokes 

100°' 

- 

596,8 

595.2 

- 

- 

- 

210° 

37.2 

36,89 

- 

- 

- 

Saybolt  Univ, 
Seconds 

100° 

- 

2757.2 

27U9.8 

M 

- 

- 

210° 

- 

m.3 

173.0 

- 

- 

Viscosity- 

Index 

10U,0 

106,0 

iiU.o 

WADC  TR  5>11 


191+ 


Table  96 


SANTOPOUR  B 


Sample  No» 

Base  Oil 

Per  cent  Additive 

Pour  Point  (°F) 

Cloud  Point  (°F) 

V iaeosities 
(ientistokes 

100® 

210® 

Saybolt  Univ. 
Seconds 

100® 

210® 

Viscosity 

Index 


777  776  779 

Mid-Continent  Bright  Stock 

0,5  1.0  3.0 

-5  0 


WADC  TR  53-11 
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Table  97 


SANTOPOUR  C 


Sample  No* 

7$k 

755 

Hi 

757 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 

Additive 

0.5 

1.0 

- 

5.0 

Pour  Point  (°F) 

0 

-5 

- 

-10 

Cloud  Point  (®F) 

- 

- 

- 

- 

Viscosities 

Centisiokes 

100® 

539.U 

550.7 

- 

611.8 

130° 

- 

~ 

- 

- 

210® 

32.77 

3k.U9 

- 

U2.57 

Saybolt  Univ, 
Seconds 

100® 

2U92.0 

25UU.2 

- 

2826,5 

130 

- 

- 

- 

- 

210° 

15U.2 

162.1 

- 

198,6 

Viscosity 

Index 

98,51 

102.0 

- 

112.2 

WADC  TR  53-11 


196 


Table  98 


SANTOPOUR 


Sample  No» 

Base  Oil 

Per  cent 
Additive 

PoTir  Point  (®F) 

Cloud  Point 

Viscosities 

Centistokes 

100° 

210° 

Saybolt  Univ, 
Seconds 

100° 

210° 

Viscosity 

Index 


1.0  3.0 

0 0 

+16  +18 


712  713  73ii  71$ 

Mid-<3ontinent  Bright  Stock 


716 


10.0 

-10 

+28 


WADC  TR  53-11 
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Table  99 


PARAFLO’',^  U6X 


Sample  No.  706  707  708  709 

Base  Oil  Mid-Continent  Bright  Stock 


Per  cent 
Additive 

Pour  Point  (°F) 

Cloud  Point  (°F) 

Viscosities 

Cerrtistokes 


100°- 

210° 

Saybolt  Univ. 
Seconds 

100° 

210° 

Viscosity 

Index 


1.0  3.0 

0 0 

■HO  +12 


710 


10.0 

0 

+12 


WADC  TR  53-11 
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Table  100 


SANTOLUBE  203A 


Sarople  No.  ?83  78U  785 

Base  Oil  Mid-Continent  Bright  Stock 


Per  cent 
Additive 

Pour  Point  (®F) 

Cloud  Point  (°F) 

Viscosities 

flentistokes 

100° 

210° 

Saybolt  Univ, 
Seconds 

100° 

210° 

Viscosity 

Index 


1.0  3.0 

0 0 


WADC  TR  53-11 
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Table  loi 


POUREX 


Sample  No. 

760 

761 

762 

763 

76k 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent  Additive 

- 

1.0 

3.0 

- 

10,0 

pour  Point  (°P) 

mm 

0 

- 

-10 

Cloud  Point  (°F) 

mm 

- 

- 

- 

Viscosities 

Centistokes 

100® 

519.0 

502,6 

- 

U37.7 

130® 

- 

«■ 

- 

- 

- 

210® 

- 

31.28 

30.72 

- 

28, OU 

Saybolt  Univ, 
Seconds 

100® 

- 

2397.8 

2368,2 

- 

2022.2 

.130° 

- 

- 

- 

- 

mm 

210° 

- 

Ili7.6 

li;5.1 

- 

133.2 

Viscosity 

Index 

96.27 

96.57 

wm 

96.39 
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Table  102 


PARAFLOW  FDX 


Sample  No. 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (®F) 

Cloud  Point  (°F) 

Viscosities 

(jentisiokes 

100® 

210® 

Saybolt  Univ, 
Seconds 

100® 

210° 

Viscosity- 

Index 


72Ji  725  726 

Mid-Continent  Bright  Stock 


1.0  3.0 

♦10  0 

+20  +20 


vvm:  TR  5>ii 
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Table  103 


PARATONE 


Sanple  No* 

716 

719 

720 

721 

722 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

Viscosities 

Centislokes 

100’ 

mm 

5iii.^ 

59li.7 

- 

797.9 

210’ 

- 

32.35 

36.31 

mm 

50.U8 

Saybolt  Univ, 
Seconds 

100® 

- 

2501.7 

27U7.5 

mm 

3686.3 

210® 

- 

152.3 

170.2 

- 

235.3 

Viscosity 

Index 

96.9 

102.1 

111.3 
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Table  lOU 


30%  VINYL  ETHER  RESIN  IN  OIL 


Sample  No. 

789 

790 

791 

792 

793 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

- 

1.0 

3.0 

— 

10.0 

Pour  Point  (®F) 

- 

- 

mm 

- 

“ 

Cloud  Point  (®F) 

- 

- 

- 

- 

mm 

Viscosities 

dentistokes 

100° 

- 

530.8 

526.U 

mm 

527.5 

210° 

- 

32.17 

32.83 

- 

35.67 

Saybolt  Univ, 
Seconds 

100° 

- 

2U52.3 

2U32.0 

- 

21*37. 0 

210° 

- 

151.6 

15U.5 

- 

167.1* 

Viscosity 

Index 

97.63 

100.2 

107.3 

VADC  TR  53-11 
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Table  105 


ACRYLOID  710 


Sample  No. 

730 

731 

732 

733 

I2k 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

- 

1.0 

3.0 

10.0 

Pour  Point  (®F) 

- 

- . 

- 

- 

- 

Cloud  Point  (®F) 

- 

- 

- 

- 

“ 

Viscosities 

Cen-oisiiokes 

100® 

- 

537.1 

556.2 

- 

esh.i 

130® 

- 

- 

- 

- 

210° 

- 

33.26 

36.U 

- 

50.65 

Saybolt  Univ. 
Seconds 

100° 

2U81.U 

2569.6 

«• 

3021.9 

130® 

mm 

- 

- 

mm 

- 

210® 

- 

156.U 

170.7 

- 

236.0 

Viscosity 

Index 

100.2 

106.1 

. 

118. U 

V.-ADC  'HR  :;3-ll 
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Table  10^ 


ACRYLOID  722 


Sample  No, 

736 

737 

121 

739 

7U0 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

mm 

- 

- 

- 

- 

Cloud  Point  (®F) 

- 

- 

mm 

- 

- 

Viscosities 
Centi stokes 

100° 

- 

5U0.0 

532.3 

- 

61+6,8 

130° 

- 

- 

«• 

- 

- 

210° 

33.29 

31.76 

1+7.01 

Saybolt  Univ* 
Seconds 

100° 

- 

2U9U.8 

21+59.2 

- 

2988,2 

130° 

- 

- 

- 

- 

- 

210° 

- 

156.6 

11+9.8 

- 

219.1 

Viscosity- 

Index 

100 

106.2 

— 

115.5 

V^C  TR  53-11 
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Table  107 


ACRYLOID  HF  600 


Sample  No. 

7U3 

7UU 

7U5 

7U6 

Base  Oil 

Per  cent 
Additive 

Mid-Continent 

1.0 

Bright  Stock 
3.0 

10.0 

Pour  Point  (®F) 

- 

- 

- 

- 

- 

Cloud  Point  (®F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

- 

563.1 

629.9 

- 

7U3.0 

130° 

- 

mm 

- 

- 

- 

210° 

- 

35.15 

U2.95 

- 

58.1U 

Saybolt  Univ, 

Seconds 

100° 

2U76.8 

2910.1 

31*32.7 

130° 

- 

- 

mm 

- 

210° 

- 

165.0 

200.3 

- 

270.7 

Viscosity 

Index 

- 

102  .1* 

111.5 

- 

119.9 

'lUiDC  TR  53-11 
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' 108 


SANtODEX 


Sample  No. 

M 

M 

750 

IB 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

- 

1.0 

3.0 

— 

10.0 

Pour  Point  (®F) 

- 

- 

tm 

- 

~ 

Cloud  Point  (®F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

- 

535.3 

51;6.9 

mm 

613.5 

130° 

- 

- 

- 

- 

- 

210° 

- 

32.8 

3U.88 

- 

Ui.97 

Saybolt  Univ. 
Seconds 

100° 

- 

2U13.1 

2526.7 

- 

283U.U 

130° 

- 

- 

- 

- 

- 

210° 

- 

15U»U 

163.8 

209.8 

Viscosity 

Index 

99.09 

103.3 

115.3 

WADC  TR  53-U 
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Table  109 


HIGH  MOLECULAR  r.EIGHT  POLYBUTENE 


Sample  No, 

121 

772 

773 

77U 

775 

Base  Oil 

Mid-Continent  Bright  Stock 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

V iscosities 
Centistokes 

100® 

561.1 

608. U 

- 

7U5.U 

210° 

- 

33.U9 

36.U 

- 

U5.03 

Saybolt  Univ, 
Seconds 

100° 

«m 

2592,3 

2810.8 

- 

3U1*3.7 

210° 

- 

157.6 

170.7 

- 

210.0 

Viscosity 

Index 

98.13 

101.0 

107 
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Table  110 


im  MOUEGUUR  VJEIGHT  POLYBUTENE 


Sample  No* 

766 

767 

768 

769 

Base  Oil 

Uid-Continent  Bright  Stook 

per  cent 
Additive 

0*5 

1.0 

3.0 

5.0 

10*0 

Pour  Point  (®F) 

- 

mm 

a* 

mm 

- 

Cloud  Point  (*^) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100® 

- 

■ 552.8 

597.9 

- 

776.6 

210° 

- 

33.16 

36.21 

- 

U8.68 

Saybcilt  Univ* 
Seconds 

100® 

- 

2553^9 

2763.3 

- 

3587.9 

210® 

- 

156.0 

169.8 

mm 

226.9 

Viscosity 

Index 

mm 

98.09 

101.6 

mm 

110.3 

WADC  TR  5>H 
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Table  111 


ACRTLOID  150 


Sample  No, 

502 

503 

50U 

505 

Base  Oil 

Penn  150  Vis 

Neutral 

Per  cent 
Additive 

0.5 

1,0 

3.0 

5.0 

Pour  point  (®F) 

-UO 

-UO 

-UO 

- 

Cloud  Point  (®F)  for  150  vis 

10 

12 

12 

Viscosities 

Centistokes 


100® 

3U.38 

36.52 

U6.09 

- 

0 

0 

- 

- 

mm 

- 

210® 

5.52 

5.8U 

7.UU 

- 

Saybolt  Univ, 
Seconds 

100® 

160,U 

170.1 

213.5 

- 

130® 

- 

- 

- 

- 

210® 

UU.27 

U5.31 

50.50 

- 

Viscosity 

Index 

106.7 

111.9 

128,5 

- 

506 

10,0 

-35 

lU 

92,06 
lU.  9U 

1*25.3 

77.51 

II1I.5 
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Table  112 


PARAFLa?  PDX 


Sample  No. 

527 

528 

529 

530 

531 

m^mmm 

Base  Oil 

Penn 

35-  V is 

Neutral 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  Point  (®F) 

- 

-35 

-U5 

-50 

-50 

- 

Cloud  Point  (*F) 

- 

12 

12 

12 

10 

- 

Viscosities 
Mentis iokes 

100® 

- 

- 

- 

- 

- 

- 

a 

O 

- 

- 

- 

- 

- 

- 

210® 

mt 

- 

- 

- 

- 

•m 

Saybolt  Univ. 

Seconds 

100® 

a. 

a. 

mm 

130® 

- 

tm 

- 

- 

- 

- ■ 

210® 

- 

- 

- 

mm 

- 

- 

Viscosity 

Index 

- 

- 

- 

mm 

- 

m 
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Table  113 


SANTOPOUR  C 


Sanyjle  No. 
Base  Oil 

556  557 

Penn  150  Vis 

558 

Neutral 

559 

560 

Per  cent 

Additive 

- 

1.0 

3.0 

- 

10,0 

Pour  Point  (®F) 

- 

-35 

-35 

- 

-25 

Cloud  Point  (^) 

- 

10 

11* 

- 

16 

Viscosities 

bentisiokes 

100® 

- 

33.97 

38  .Ul 

- 

57.1*2 

130® 

- 

- 

- 

- 

- 

210® 

- 

5.U5 

6.2h 

- 

9,12 

Saybolt  Univ* 
Seconds 

100® 

- 

160.U 

178.5 

- 

265.5 

o 

o 

- 

- 

- 

- 

- 

210® 

wm 

UU.05 

1*6.27 

- 

56.20 

Viscosity 

Index 

- 

105,0 

116.0 

- 

130.5 

WADC  'ER  53-11 
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Table  ll4 


PARAFLOTf  kSX. 

Sample  No.  508  $09  $10  gll  512 

Base  Oil  Penn  1$0  Vis  Neutral 


Per  cent 

Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (®F) 

- 

-30 

-Uo 

- 

-10 

Cloud  Point  (®F) 

- 

16 

+10 

- 

+10 

Viscosities 

CentiSGokes 

100® 

- 

- 

- 

- 

- 

o 

o 

- 

- 

mm 

- 

210® 

- 

- 

- 

- 

- 

Saybolt  Univ, 
Seconds 

100® 

- 

- 

- 

- 

- 

o 

o 

- 

- 

mm 

mm 

mm 

210® 

- 

- 

- 

- 

- 

Viscosity 

Index 

- 

- 

- 

- 

WADC  TR  53-11 
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Table  1X5 
SANTOPOUR  B 


Sample  No» 

Base  Oil 

Par  cent 
Additive 

Pour  Point  (®F) 

Cloud  Point(®F) 

Viscosities 

CentisioTces 

100® 

130® 

210® 

Saybolt  Univ« 
Seconds 

100° 

130° 

210° 

Viscosity 

Index 


560  581  582 
Penn  150  Vis  Neutral 


1.0  3.0 

-30  -UO 

10  10 


583  58U  585 


10,0 

"U5 

12 
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Table  116 


SANTOPOUR 


Saciple  No, 
Base  Oil 

F' 

515 

'ui  150  Vis 

Neutral 

liZ 

518 

Per  cent 

Additive 

0,5 

1.0 

3.0 

5.0 

10,0 

Pour  Point  (®F) 

- 

-30 

-1*0 

-25 

0 

Cloud  Point  (®F) 

- 

12 

12 

12 

10 

Viscosities 

Ceritistokes 

100® 

- 

32.38 

32.76 

- 

33.51* 

130* 

- 

- 

- 

- 

- 

210® 

- 

5.16 

5.22 

- 

5.30 

Ssybolt  Ikiiv, 
Seconds 

100® 

- 

151.U 

153.1 

- 

156.6 

130® 

- 

- 

- 

- 

- 

210® 

- 

1*3.11 

1*3.31 

- 

1*3.57 

Viscosity 

Izxlex 

- 

95.3 

97.3 

- 

97.8 
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Table  ll? 


POUREX 


Sample  No.  562  563  56U  $65 

Base  Oil  Penn  150  Vis  Neutral 

Per  cent 

Additive  - 1,0  3.0 

Pour  Point  (®F)  - -10  -30 

Cloud  Point  (®F)  - +12  +16 

Viscosities 

Centistokes 


100® 

130® 

210® 

Saybolt  Univ. 
Seconds 

100® 

130® 

210® 

Viscosity 

Index 


566 


10.0 

-UO 

+18 


’rt[ADC  TR  5>11 
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Table  il6 


ACRYLOID  722 


Sample  No. 
Baee  Oil 

$38  $39 

Penn  150  Vis 

Neutral 

Iki 

$U2 

Per  cent 

Additive 

o.$ 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

- 

0 

-25 

- 

-1*0 

Cloud  Point  (*^) 

- 

111 

•16 

- 

Hi 

Viscosities 

Centistokes 

100® 

- 

3U.68 

UO.36 

- 

65.98 

o 

o 

- 

- 

- • 

- 

- 

210® 

- 

$.60 

6.56 

- 

10.99 

Saybolt  Univ, 
Seconds 

100® 

mm 

161.7 

187.3 

mm 

30U.9 

130® 

- 

- 

- 

- 

- 

210® 

- 

W*.$3 

1*7.62 

- 

62,70 

Viscosity 

Index 

- 

109.5 

123.1 

mm 

11*0.8 

WADC  TR  53-11 
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Table  119 


SANTOLUBE  203A 


Sample  No. 

592 

593 

591* 

595 

Base  Oil 

Penn  150  Vis 

Neutral 

Per  cent 

Additive 

mm 

1.0 

3.0 

— 

Pour  Poin-  (®F) 

- 

-5 

-20 

- 

Cloud  Point  (®F) 

- 

+12 

+12 

a. 

Viscosities 

Centistokes 

100®. 

- 

32.35 

32.82 

- 

130® 

- 

- 

- 

- 

210® 

- 

5.16 

5.22 

- 

Sajrbolt  Univ. 
Seconds 

100® 

- 

151.3 

153.1* 

130® 

- 

- 

- 

- 

210® 

- 

U3.U 

1*3.31 

- 

Viscositisr 

Index 

- 

95.56 

96,9 

- 
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|96 

10.0 

-25 

+12 

3U.62 

5.U0 

161.5 

1*3.89 

97.8 


Table  120 


HIGH  MOIECUIAR  TEIGHT  POLYBUTENE 


Sample  No. 
Base  Oil 

57U  575 

Penn  150  Vis 

576 

Neutral 

577 

578 

Per  cent 

Additive 

- 

1.0 

3.0 

10.0 

pour  Point  (®F) 

- 

- 

am 

- 

Cloud  Point  (®F) 

- 

- 

- 

- 

~ 

Viscosities 

dentistokes 

100® 

- 

3U.82 

m.o8 

- 

70.20 

130® 

- 

- 

- 

•• 

- 

210® 

- 

5.52 

6.37 

- 

10.18 

Saybolt  Univ. 
SeccHids 

100® 

- 

162  ,U 

190.5 

- 

32U.3 

o 

o 

- 

- 

- 

- 

210® 

- 

I4U.27 

U7.01 

- 

59.85 

Viscosity 

Index 

- 

lOli.2 

113.8 

- 

12b. 0 
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Table  121 


LOFi  MOIECUIAR  ’EIGHT  POLYBUTENE 


San¥>le  No, 
Base  Oil 

568 

Penn 

569 
150  Vis 

570 

Neutral 

571 

572 

Per  cent 

Additive 

mm 

1.0 

3.0 

- 

10,0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (®F) 

- 

- 

mm 

- 

- 

Viscosities 

dJeniistokes 

100° 

- 

3li,77 

U0,66 

- 

67.95 

130° 

- 

- 

- 

- 

- 

210° 

- 

5.22 

6.36 

- 

10.15 

Saybolt  Univ, 
Seconds 

100° 

- 

162,1 

188,6 

- 

31ii.0 

130° 

- 

- 

mm 

- 

- 

210° 

- 

Ui.27 

U6.98 

- 

59. 7U 

Viscosity 

Index 

mm 

10U.5 

115.1 

- 

130.6 

WADC  TR  53-11 


Table  122 


SilNTCDEX 


Sanple  No. 
Base  Oil 
Per  cent 

$50  5^ 

Penn  1$0  Vie 

IE 

Neutral 

5^ 

ilk 

Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F)  • 

- 

- 

- 

- 

mm 

Cloud  Point  (®F) 

- 

- 

mm 

- 

- 

Viscosities 

Centisiokes 

100° 

- 

3U.51 

39.67 

- 

62.90 

130° 

- 

- 

— 

- 

- 

210° 

- 

5.53 

6.38 

- 

10.15 

Saybolt  Univ, 
Seccnds 

100° 

- 

161,0 

18U.3 

- 

290,7 

o 

o 

- 

- 

- 

- 

- 

210° 

Viscosity 

- 

hh.31 

U7.05 

- 

59.7U 

• 

Index 

- 

106.6 

119.7 

137.3 

WATC  TR  53-11 
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Table  123 


PARATONE 


Tail!  )le  ,'o» 

520 

521 

522 

523 

52  h 

Base  Oil 

,’enn 

150  Vis  Neutral 

I er  cent 

.T-iditivfi 

1.0 

3.0 

- 

10.0 

Pour  Toint  (°P) 

- 

- 

«•  ' 

- 

Cloud  -oint  (°1') 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

o 

o 

o 

- 

35.06 

U,72 

- 

/2.11 

o 

o 

- 

- 

- 

- 

- 

210° 

m 

5.5? 

6.51 

m 

10.76 

Sa;/bolt  t'niv. 
Seconds 

1X° 

- 

163.5 

193.5 

- 

331 .5 

130° 

- 

- 

«• 

- 

- 

210°  • 

- 

U!.13 

U?.li6 

«• 

..1.69 

viscosity 

Index 

- 

105.5 

ll6.lj 

- , 

131.5 

WADC  TR  53-11 
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T;.’ule  12U 


.L  . 710 


Sample  No, 

i2i  533 

ilk 

Hi 

|36 

Base  Oil 

Penn  150  Vis 

Neutral 

Per  cent 
Additive 

» 1*0 

3.0 

- 

10.0 

Pour  Point  (®F) 

15 

0 

- 

0 

Cloud  Point  (°F) 

12 

12 

- 

111 

Viscosities 

Centistokes 

100® 

35.U3 

U3.02 

- 

77.99 

130® 

- 

- 

a* 

210® 

5.73 

7.06 

w 

13.32 

Saybolt  Univ. 
Seconds 

100® 

165.1 

199.3 

360.U 

130® 

- 

- 

«. 

- 

210® 

iiU.?5 

U9.2U 

- 

71.32 

Viscosity 

Index 

112,1 

128.6 

llili.O 

WADC  TR  53-11 
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Table  12$ 
ACRYLOID  HF  600 


Sample  Ifo* 
Base  Oil 

Sili  M 

Penn  150  Vis 

Neutral 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (°F) 

- 

+5 

+5 

- 

+5 

- 

Cloud  Point  (°F) 

- 

16 

- 

lU 

m» 

Viscosities 
Centi stokes 

o 

o 

- 

36.03 

50.IU 

- 

122.5 

a. 

130° 

- 

- 

- 

- 

- 

210° 

- 

6.21 

6»Uh 

- 

21.60 

- 

Saybolt  Uhiv, 
Seconds 

100° 

mt 

176.8' 

232.1 

- 

566.0 

- 

0 

0 

- 

- 

- 

<m 

■ 

210° 

- 

U6.U9 

53.87 

- 

105.3 

- 

Viscosity 

Index 

- 

120.3 

137.U 

- 

lUu.7 

- 

WADC  TR  53-11 
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Table  126 


VINYL  ETHER  RESIN 


Sample  No* 

M 

$99 

600 

601 

602 

Base  Oil 

Penn  150  Vis  Neutral 

Per  cent 
Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

tm 

Cloud  Point  (°F) 

- 

- 

- 

- 

Viscosities 

Centlstokes 

100° 

- 

37.67 

50.91 

- 

123.7 

1300 

- 

- 

- 

- 

mm 

210° 

«• 

5.96 

7.89 

- 

16.01 

Saybolt  Unlv* 
Seconds 

100° 

- 

175.2 

235.5 

- 

571.5 

0 

0 

«•» 

- 

- 

- 

- 

210° 

- 

U5.69 

52.0 

•• 

89.86 

Viscosity 

Index 

111.9 

126.2 

136.6 

Wipe  TR  53-11 
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Table  127 
PARAFLC3W  H)X 


Sample  No* 

819  820 

821 

8*22 

823 

82U 

Base  Oil 

Mid-Continent  150  Neutral 

Per  cent 
Additive 

1.0 

3.0 

- 

10,0 

- 

Pour  Point  (“F) 

-35* 

-Uo* 

- 

-25“ 

- 

Cloud  Point  (*f) 

0* 

+2* 

- 

Viscosities 

Centistokes 

100* 

130* 

210* 

Saybolt  Univ* 
Seconds 

100  ♦ 

130* 

210* 

Viscosity 

Index 


WADC  IK  55-11 
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Sample  No, 
Base  Oil 
Per  cent 


Table  128 
SANTOPOUR 

8U9  8^  8^  652 

Mid-Continent  150  Neutral 


853 


85U 


Add  itive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (®F) 

-35“ 

-35“ 

- 

-10“ 

- 

Cloud  Point  (®F) 

- 

0* 

+2“ 

- 

+2" 

Viscosities 

Centistokes 

100“ 

- 

- 

- 

mm 

mm 

- 

130“ 

- 

- 

- 

mm 

mm 

- 

210“ 

m 

- 

- 

- 

- 

Saybolt  Univ* 
Seconds 

100“ 

- 

- 

- 

- 

- 

130“ 

- 

- 

- 

mm 

■ft 

- 

210* 

- 

mm 

- 

- 

- 

- 

Viscosity 

Index 

mm 

WADC  TR  53-11 
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Table  129 


.PARAFLOW  U6X 


Sample  No« 
Base  Oil 


801  802  803  80U  805  806 

Mid-Continent  1$0  Neutral 


Per  cent 


AdditiTe 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (“F) 

- 

-35" 

-30" 

- 

-10" 

- 

Cloud  Point  (*F) 

- 

0* 

0" 

- 

U" 

m 

Viscosities 

Centistokea 

100- 

- 

- 

- 

tm 

- 

130* 

- 

- 

- 

- 

- 

210* 

- 

«» 

m 

- 

Saybolt  Univ* 
Seconds 

100* 

- 

- 

- 

- 

130* 

- 

- 

- 

- 

- 

- 

210" 

«« 

- 

- 

- 

- 

- 

Vis  CO  sity 

Index 

- 

«■ 

. 

• 

- 

• 

WADC  TR  53-11 
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Table  130 


ACRYLOID  150 


Sanple  No* 

795 

J96 

121 

M 

799 

Base  Oil 

Mid--Continent  150  Neutral 

Per  cent 
Additive 

- 

1.0 

3.0 

m 

10.0 

Pour  Point  Cf) 

- 

-35 

-30 

m 

.20 

61ood  Point  (*F) 

- 

2 

-6 

- 

•>6 

Viscosities 

Centistokea 

100* 

38.75 

U8.25 

- 

92.7U 

ao* 

- 

5.99 

7.53 

- 

1U.79 

Saybolt  Univ« 
Seconds 

100* 

180.0 

223.3 

M 

U28.U 

210* 

- 

U5.79 

50.80 

m 

76.93 

Viscosity 

Index 

108.2 

12U.9 

1U0.5 

WADC  TR  53-11 
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Table  131 


SANTOPOUR  B 

Sample  No* 

873 

87U 

875 

876 

-1 

001 

Base  Oil 

Mid  Continent  150  Neutral 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (*F) 

- 

-30 

-35 

mm 

-10 

Cloud  Point  (*F) 

- 

-U 

0 

- 

0 

Viscosities 

Centlstpkes 

100* 

ea 

mm 

- 

- 

- 

130* 

- 

- 

- 

210“ 

- 

- 

mm 

- 

- 

Sajbolt  Unlv* 
Seconds 

100“ 

«• 

m 

- 

m 

130“ 

- 

- 

- 

m 

- 

230* 

«■ 

- 

- 

- 

- 

Viscosity- 

Index 

mm 

WADC  TR  5>11 
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Table  132 


SANTOPOUR  C 


Sample  No* 

807 

808 

809 

810 

811 

Base  Oil 

Mid-Continent  150  Neutral 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Pdlht  Cf) 

- 

-25* 

-35* 

Ml 

-30* 

Cloud  Point  C*P) 

- 

♦u* 

♦U* 

- 

-2* 

Viscosities 

C^tlstokes 

100* 

- 

36.96 

Ul.96 

- 

59.58 

130* 

- 

- 

- 

210* 

- 

5.73 

6.60 

mm 

9.67 

Saybolt  Unlr* 
Seconds 

100* 

- 

172.1 

19U.5 

- 

275*5 

130* 

- 

to 

- 

- 

mm 

210* 

mm 

Ui.95 

1*7.75 

- 

58.08 

Viscosity 

Index 

loU.i 

118.7 

137.0 

WiflXJ  TR  5>11 
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Table  133 


POUREX 


San^le  No, 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (“t*) 

Cloud  Point  ("F) 

Viscosities 

Centistokes 

100* 

130* 

210? 

Saybolt  Univ* 
Seccmds 

100* 

130* 

210“ 

Viscosity- 

Index 


85$  8$6  8$7  8$8 

Mid  Continent  1$0  Neutral 


0.5 


1.0  3.0 

-25“  -35* 

+6*  +U* 


5.0 


859  860 


10.0  15.0 

-25“ 


WADC  TR  53-11 
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Table  13U 


SAlNiTOLUBE  203A 

Sample  No,  679  880  Mi  ^ 

Base  Oil  Mid  Continent  150  Neutral 

Per  cent 


Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (*F) 

- 

-20 

-35 

- 

-35 

Clcud  Point  (*F) 

- 

0 

8 

- 

+12 

Viscosities 

Gentistokes 

100* 

- 

- 

Mi 

130“ 

- 

- 

m 

- 

- 

210“ 

- 

m 

- 

m 

Saybolt  Univ« 
Seconds 

100“ 

- 

- 

- 

- 

- 

130“ 

- 

- 

- 

- 

- 

210“ 

- 

- 

- 

- 

«M 

Viscosity 

Index 

m 

- 

- 

WABC  TR  53-11 
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Table  135 


ACRYLOID  722 


Sample  No. 

832 

833 

M 

835 

Base  Oil 

Mid -Continent 

150  Neutral 

Per  cent 
Additive 

> 

1.0 

3.0 

10.0 

Pour  Point  (“F) 

-10* 

-20* 

-30* 

Cloud  Point  (“F) 

- 

+6* 

+2* 

■ft 

0* 

Viscosities 

Centistokes 

100* 

38.U5 

U3.5U 

- 

72.83 

130* 

- 

- 

- 

•ft 

- 

210* 

- 

5.98 

6.89 

- 

11.98 

Saybolt  Univ, 
Seconds 

100* 

- 

178.7 

201.7 

- 

336.U 

130* 

- 

- 

- 

- 

- 

210* 

- 

U5.76 

ii8.69 

- 

66.29 

Viscosity 

Index 

109.1 

122.6 

IUO.8 

WADC  TR  5>11  23U 


Table  136 


30^  VINYL  ETHER  RESIN  IN  OIL 


Sanple  No. 
Base  Cl' 

885 

886  867  688 
Mid  Continent  150  Neutral 

889 

690 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (“F) 

- 

- 

- 

tm 

WM 

Cloud  Point  (*F) 
Viscosities 

- 

- 

- 

•m 

- 

- 

Centistokes 

100* 

- 

36.93 

UO.57 

mm 

55.15 

«i 

O 

O 

m 

- 

- 

- 

210* 

- 

5.65 

6.2 

- 

8.3U 

- 

Saybolt  Univ. 
Seconds 

100* 

171.9 

188.3 

m 

25U.1 

■1 

130* 

•• 

- 

- 

m 

- 

m 

210? 

mm 

UU.69 

U6.U6 

- 

53.53 

Viscosity 

Index 

- 

99.95 

109.2 

125.8 

m 

WADC  TR  53-11 


Table  137 


PARATONE 


Sample  No* 

813 

8lU 

815 

816 

817 

Base  Oil 

Mid-Continent  150  Neutral 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.10 

10.0 

Pour  Point  (*F) 

- 

- 

- 

- 

Cloud  Point  (*F) 

mm 

- 

- 

- 

- 

Viscosities 

Centistokee 

100“ 

- 

36.51; 

U5.15 

- 

81.90 

130“ 

- 

•m 

- 

- 

210“ 

- 

5.88 

6.79 

- 

11.66 

Saybolt  Univ, 
Seconds 

100“ 

- 

179.2 

209.1 

- 

378.U 

130“ 

- 

- 

- 

- 

- 

210“ 

- 

U5.UU 

U8.37 

- 

65.13 

Viscosity 

Index 

- 

loU.o 

113.9 

mm 

129.6 

WADC  TR  53-11 
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Table  138 


ACRILOID  HF  600 


Sample  No« 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (*F) 

Cloud  Point  CF) 

Viscositlefl 

Centistokes 

100* 

130* 

210* 

Saybolt  Univ* 
Seconds 

100* 

130* 

210* 


Viscosity 

Index 


837  838  839  8U0  8Ul 

Mid-Continent  150  Neutral 

0.5  1.0  3.0  5.0  10.0 


39.79 

6.26 

18U.8 

U6.66 

llU.9 


51.83 

8.U6 

239.8 

53*9U 

13U.5 


118.9 

21.18 

5U9.U 

103.2 

1U5.1 


8U2 


15.0 


WADC  TR  53-11 
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Table  139 


SANTODEX 


Sample  No* 

8U3 

!lik 

8U5 

8U6 

Base  Oil 

Mid-Continent  150  Neutral 

per  cent 

Additive 

0.5 

1.0 

3.0 

5*0 

10.0 

Pour  Point  (*F) 

- 

- 

- 

- 

Cloud  Point  (.“F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100* 

- 

38. OU 

UU.88 

- 

69.96 

130* 

- 

- 

- 

- 

mm 

210* 

- 

5.87 

6.97 

- 

11.00 

Saybolt  Univ. 
Seconds 

100* 

- 

176.9 

207.8 

- 

323.2 

130* 

- 

- 

- 

- 

mm 

210* 

«■ 

U5.U 

U8.9U 

- 

62 .7U 

Viscosity  ^ ^ 

Index 

- 

105.9 

120.7 

• 

13b.  5 

WADC  TR  53-11 
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Table  H4O 


LOW  MOLECULAR  WEIGHT  POLYBUTENE 


Sample  No* 
Base  Oil 

8^ 

862 

863  86U  665 

Ifid-Continent  150  Neutral 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

Pour  Point  t*F) 

m 

- 

- 

- 

- 

Cloud  Point  t*F) 

- 

- 

- 

- 

- 

Viscosities 

Centlstokes 

100* 

- 

38.28 

U5.U9 

m 

77.79 

• 

0 

H 

mm 

- 

- 

- 

- 

210* 

- 

5.8U 

6.6U 

- 

11.12 

Saybolt  Unlv* 
Seconds 

100* 

- 

177.9 

210.7 

- 

359.U 

130* 

- 

- 

- 

- 

- 

210* 

- 

U5.31 

U8.53 

wm 

63.17 

Viscosity 

Index 

103.2 

llU.5 

128.9 

tADC  TR  53-11 
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Table  lUl 


HIGH  MOLECUUR  WEIGHT  POLTBUTENE 


Sample  No. 

867 

868 

869 

870 

871 

Base  Oil 

Mid-Continent  150  NeutrsQ. 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (*F) 

- 

- 

- 

mm 

- 

Cloud  Point  (*F) 

■K 

•• 

- 

•• 

- 

Viscosities 

Centistokes 

100* 

am 

37.89 

U5.26 

- 

76.65 

130* 

- 

- 

- 

- 

- 

210* 

•m 

5.83 

6.77 

ae 

10.67 

Saybolt  Univ. 
Seconds 

100* 

- 

176.2 

209.6 

- 

35U.2 

130* 

- 

- 

- 

- 

aio* 

- 

1*5.28 

U8.3 

- 

61.57 

Viscosity 

index 

- 

10U.7 

112.9 

125.6 

2l;0 


WADC  TH  53-11 


Table  lL2 
ACRYLOID  710 


Sanple  No« 
Base  Oil 

62$ 

626  627  828 
Mid-Continent  1$0  Neutral 

829 

Per  cent 

Additive 

- 

1.0 

3.0 

m 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

m> 

Cloud  Point  (*F) 

- 

- 

- 

mm 

Viscosities 

Centistekes 

100* 

38.17 

37.56 

tm 

79.62 

130* 

•• 

- 

- 

mm 

- 

210* 

- 

5.96 

5.87 

- 

13.61* 

Saybolt  Univ« 
Seconds 

100* 

177.5 

171*.  7 

- 

367.9 

130* 

- 

- 

- 

- 

- 

210* 

«• 

1*5.69 

1*5.90 

mm 

72.53 

Viscosity 

Index 

109.5 

108.2 

- 

11*1*.  2 

2U 


WADC  TR  53-11 


Table  il|3 


SANTOPOUR  B 


Sample  No» 

Bajse  Oil 

per  cent 
Additive 

Pour  Point  (®F) 

Cloud  Point  (®P) 

Viscosities 

^entrixlolres 

100®' 

130® 

210® 

Saybolt  Univ» 
Seconds 

100® 

130® 

210® 

Viscosity 

Index 


662  683  68U 

Penn  Mineral  Seal  Oil 


1.0  3.0 

+15  +10 

+16  +18 


WADC  TR  5>11 
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Table  lltii 


PARAFLOPiT  U6X 


610  611 

612 

613 

61U 

6l5 

Baae  Oil 

Penn  Mineral  Seal 

Oil 

Per  cent 
Additive 

:>o 

3.0 

10.0 

Pour  Point  (°F) 

+15 

+10 

- 

+10 

- 

Cloud  Point  (®F) 

+18 

+16 

- 

+1U 

- 

Viscosities 

Ceniiaxokes 

100° 

- 

- 

- 

mm 

.. 

o 

O 

- 

mm 

mm 

mm 

210° 

- 

- 

- 

- 

- 

Saybolt  Univ, 
Seconds 

100° 

- 

- 

mm 

130° 

- 

- 

- 

- 

— 

210° 

- 

- 

- 

- 

mm 

Vlacositgr 

Index 

«•  M 

WADC  TR  5>11 
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Table  lU5 


PARAFLCSFj  FDX 


Sample  No* 

628  6^ 

630 

631 

632 

633 

Base  Oil 

Penn*  Ijineral 

Seal  Oil 

Per  cent 
Additive 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (®F) 

+15 

+10 

+5 

+5 

- 

Cloud  Point  (°F) 

- +18 

+18 

+16 

+16 

- 

Viscosities 

Ceniistoltes 

100° 

m 

- 

«• 

- 

130° 

mt 

- 

- 

- 

210° 

• ^ 

- 

- 

- 

- 

Saybolt  Univ, 
Seconds 

100° 

• 

- 

- 

- 

- 

130° 

«i 

- 

■ - 

- 

- 

210° 

- 

- 

- 

- 

- 

Viscosity 

Index 

wm 

WADC  TR  53-11 
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Table  1U6 


SANTOLUBE 

203  A 

Sample  No. 

69k 

§21 

696 

697 

698 

Base  Oil 

Penn  Mineral  Seal  Oil 

Per  cent 
Additive 

- 

1,0 

3.0 

- 

10.0 

Pour  Point  (°F) 

- 

+15 

+10 

- 

+10 

Cloud  Point  (®F) 

- 

+18 

+18 

- 

+20 

V iscosities 
Centistokes 

100® 

- 

- 

- 

- 

mm 

o 

o 

- 

- 

- 

- 

- 

210® 

- 

- 

- 

- 

- 

Saybolt  IJniv, 
Seconds 

100® 

m 

- 

- 

- 

- 

130® 

- 

- 

- 

- 

- 

210® 

- 

- 

- 

- 

M. 

Viscosity 

Index 

WADC  TR  53-11  2U5 


Table  lit? 


ACRYLOID  150 


Sample  No. 

60U 

605 

606 

607 

608 

Base  QLl 

Penn  Mineral  Seal  Oil 

Per  cent  Additive 

0.5 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

mm 

+15 

+10 

- 

+10 

Cloud  Point  (°F) 

- 

+20 

+18 

- 

+16 

V iscosities 
Ceniisiokes 

100° 

U.53 

U08U 

6.39 

- 

lii.35 

130° 

- 

- 

- 

- 

210° 

1.61 

1.71 

2.26 

- 

U.91 

Saybolt  Univ, 
Seconds 

100° 

U0.8 

U.79 

16.75 

- 

7U.73 

130° 

- 

- 

- 

mm 

-- 

210° 

- 

- 

33.77 

- 

U2.31 

Viscosity 

Index 

118.9 

129.0 

175.1 

225.3 

WADC  m 5>ii 
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Table  lljS 
POUREX 


Sample  No> 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (°F) 

Cloud  Point  (°F) 

Viscosities 

Centistokes 

100® 

130® 

210® 


66U  66$  666 

Perm  Mineral  Seal  Oil 

1.0  3.0 

+15  +15 

20  +18 


Saybolt  Univ, 
Seconds 

100® 

130® 

210® 


Viscosity 

Index 


667  668  669 


10.0 

0 

+20 


WADC  TR  53-U 
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Table  1149 


SANTOPOUR 


Sample  No* 

616  617 

616 

619 

620 

Base  Oil 

Pern  Mineral  Seal 

Oil 

Per  cent 
Additive 

1.0 

3.0 

- 

10,0 

Pour  Point  (°F) 

+15 

+15 

- 

+15 

Cloud  Point  (°P) 

♦20 

+20 

- 

+20 

Viscosities 

(ientisiokes 

100® 

- 

- 

- 

- 

130° 

- 

- 

- 

- 

210® 

- 

- 

mm 

Saybdt  Univ. 
Sec<xids 

100® 

mm  mm 

- 

- 

- 

0 

0 

H 

- 

mm 

- 

- 

210® 

- 

- 

- 

- 

Viscosity 

Index 

. 

tm 

WAI5C  TR  53-11  2U8 


Table  1^0 


SANTOPOUR  C 


Sang)le  No« 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (®F) 

Cloud  Point  (°F) 

Viscosities 

(Senilstokes 

100® 

130® 

210° 

Saybolt  IMv* 
Seconds 

100® 

130® 

210° 

Viscosity 

Index 


656  6^9  660 

Perm  Mineral  Seal  Oil 


1,0  3.0 

+20  +10 

22  +18 

li.5l  5.32 

1.59  1.81 

U0.73  1*3.32 

U3.U  125.0 


661 


WATC  TR  53-11 


2h9 


662 

10,0 

+10 

+16 

5.58 

1.95 

1*1*,16 

mm 

11*7.5 


Tsble  l5l 


LCW  MOLECUIAR  WIGHT  POLYBTJTENE 


Sample  No* 

670 

671 

672 

673 

6]h 

675 

Base  Oil 

Penn  Mineral  Seal  Oil 

Per  cent 
Additive 

- 

1.0 

3.0 

- 

10.0 

- 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

- 

Cloud  Point  (®F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100® 

- 

li.6U 

6.03 

- 

11.03 

m 

130® 

210® 

- 

1.63 

2.06 

- 

3.U9 

- 

Ssybolt  Univ, 
Seconds 

100® 

- 

lil.15 

U5.6 

- 

62  .U 

- 

0 

0 

- 

- 

- 

•» 

- 

- 

210° 

- 

- 

33.00 

- 

37.83 

- 

Vlsoosilgr 

Index 

U6.5 

208,7 

WADC  TR  53-11 
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Table  l52 


HIGH  MOLECULAR  V\’ SIGHT  POLYBUTENE 


Sample  No.  676 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (°F) 

Cloud  Point  (°F) 

Viscosities 

Centistokes 

100° 

130° 

210° 

Saybolt  Univ, 

Seconds 

100° 

130° 

210° 

Viscosity 

Index 


677  678  679 

Penn  Mineral  Seal  Oil 

1.0  3.0 

L.62  5.75 

1.62  1.96 

la. 08  I4I1.70 

115.1  139.8 


680 

10.0 

10.31 

3.2ii 

59.88 

37.02 

196.2 


WADC  TR  5>U 
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Table  1^3 


VINYL  ETHER  RESINS 


Sample  No» 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (°F) 

Cloud  Point  (®F) 

Viscosities 

Centistokes 

100° 

130° 

210° 

Saybolt  Univ, 

Sec  onds 

100° 

130° 

210° 

Viscosity 

Index 


ii.3li  ii.50 

1.53  1.77 

liO',19  U0.70 

106.5  170.0 


69k  695a  696a  697 

Penn  Mineral  Seal  Oil 


WADC  TR  53-11 
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698a 

10.0 

10.5 

3.U9 

«■ 

220.5 


Table 


PARA  TONE 


Sample  No. 
Base  Oil 

622 

Perm. 

623  621; 

Mineral  Seal  Oil 

625 

626 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

Viscosities 
Centi stokes 

100® 

- 

U.67 

5.72 

- 

11.03 

130 

- 

- 

- 

- 

- 

210° 

- 

1.60 

1.96 

- 

3.52 

Saybolt  Univ. 
Seconds 

100° 

- 

U.2U 

ia;.6 

- 

62. U 

130° 

- 

- 

am 

- 

am 

210° 

- 

- 

- 

- 

«» 

Viscosity 

Index 

- 

103.5 

155 

- 

211.7 

WADC  TR  53-11  253 


Table  155 


ACRYLOID  710 


Sample  No. 

6^ 

636 

637 

638 

Base  Oil 

Penn  Mineral 

Seal  Oil 

Per  cent 
Additive 

1.0 

3.0 

— 

10.0 

Pour  Point  (®F) 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

Viscosities 

Centistokes 

100® 

h.77 

6.01 

- 

12.7 

O 

o 

- 

- 

- 

- 

210® 

1.71 

2.17 

- 

U.57 

Saybolt  Univ. 
Seconds 

8 

O 

la.  $6 

U5.53 

- 

68. U9 

130® 

- 

- 

- 

- 

210® 

- 

33. UU 

- 

ijl.2 

Viscosity 

Index 

133.6 

17U.8 

. 

2U2.3 

Wire  TEL  33-11 


25U 


Table  156 


ACRYLOID  722 


Sanple  No, 
Base  Oil 

6ii0 

6hl 

Penn  Mineral 

61^2 

Seal  Oil 

6^ 

Per  cent 

Additive 

- 

1.0 

3.0 

- 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

- 

li,68 

5.U8 

- 

io.51i 

0 

0 

- 

- 

- 

- 

210° 

- 

1.66 

1.95 

- 

3.7 

Saybolt  Univ. 
Seconds 

100° 

- 

la.28 

U3.81i 

- 

60.69 

130° 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

38.  U6 

Viscosity 

Index 

- 

12U.0 

153.6 

- 

237.9 

Vine  TB  35.11 


Table  1$7 
ACRYLOID  HF-600 


Sample  No, 

6U6 

6U7 

650 

Base  Oil 

Penn  Mineral  Seal  Oil 

Per  cent 

Additive 

- 

1.0 

3.0 

~ 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

- 

li.67 

5.99 

- 

11.18 

130° 

- 

- 

- 

- 

- 

210'° 

- 

1.67 

2.19 

- 

U.iU 

Saybolt  Univ. 

Seconds 

100° 

i*1.2li 

U5.1i7 

62.95 

130° 

- 

- 

- 

- 

- 

210° 

- 

- 

33.51 

- 

39.82 

Viscosity 

Index 

- 

127.8 

180.0 

- 

251i.8 
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Table  158 


Sample  No,  6$ 2 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (°F) 

Cloud  Point  (®F) 

Viscosities 

Centistokes 

100® 

130® 

210® 

Saybolt  Univ. 

Seconds 

100® 

130® 

210® 

Viscosity- 

Index 


SANTODEX 

M2  Mk  ^ 

Penn  Mineral  Seal  Oil 

1.0  3.0 

U.66  6«26 

1.65  2.19 

iil.21  li6.U 

33.51 
165.9  190.1 


WADC  TR  53-11 
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656 

10.0 

10.8 

3.67 

61.6 

38.37 
230.  U 


Table  159 


PARAFLOW  li6X 


Sample  No. 

897 

698 

899 

900 

901 

902 

Base  Oil 

Cadet 

Z Oil 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Four  Point  (°F) 

- 

+15° 

1 

o 

o 

- 

-5° 

- 

Cloud  Point  (°F) 

- 

+18° 

+18° 

- 

+ili° 

- 

Viscosities 

Centi stokes 

100° 

- 

- 

- 

- 

— 

a. 

O 

o 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

Saybolt  Univ, 
Seconds 

100° 

- 

- 

- 

- 

a. 

130° 

- 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

- 

- 

Viscosity 

Index 

me  TBL  3>JL1  256 


Table  160 


PARAFLOk  FDX 


Sample  No. 

915 

916 

917 

918 

919 

Base  Oil 

Per  cent 
Additive 

0.5 

Cadet  Z Oil 
1.0 

3.0 

5.0 

10.0 

Pour  Point  (°F) 

- 

+15° 

-5° 

- 

-5° 

Cloud  Point  (°F) 

- 

+20° 

+16° 

- 

+16° 

Viscosities 

Centistokes 

100° 

o 

0 

- 

- 

- 

210° 

' - 

- 

- 

- 

— 

Saybolt  Univ, 
Seconds 

100° 

130° 

- 

- 

- 

«• 

210° 

- 

- 

- 

Viscosity 

Index 

WADC  TR  53-11  259 


Table  l6l 


ACRYLOID  150 


Sample  No. 

891  692 

893 

Base  Oil 

Cadet  2 Oil 

Per  cent 
Additive 

0.5  1.0 

3.0 

Pour  Point  (°F) 

0° 

Cloud  Point  (°F) 

+26 

2U° 

Viscosities 

Centistokes 

100° 

8.21 

11.2li 

130° 

- 

- 

210° 

2.33 

3.17 

Saybolt  Univ, 
Seconds 

100° 

52.71 

63.16 

130° 

- 

mm 

210° 

3U. 03 

36.79 

Viscosity 

Index 

109.2 

165.2 

69h  895 

5.0  10.0 

+5° 
+16° 

25.08 

6.8U 

119.2 

he. 53 

182.3 


WADG  TR  53-11 
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896 


15.0 


Table  162 


SANTOPOUR  C 


Sample  No. 
Base  Oil 

903 

90U 

Cadet  Z Oil 

2£5 

906 

907 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Ptoint  (°F) 

- 

+10° 

+5° 

- 

+5° 

Cloud  Point  (°F) 

- 

+18° 

+20° 

- 

O 

+ 

Viscosities 

Centistokes 

100° 

- 

27.22 

9.26 

- 

lU.92 

130° 

- 

- 

- 

- 

210° 

- 

2.19 

2.63 

- 

U.17 

Saybolt  Univ. 
Seconds 

100° 

- 

51.08 

56.28 

- 

76.9 

130° 

- 

- 

- 

210° 

- 

33.51 

35.06 

- 

39.91 

Viscosity 

Index 

- 

95.61 

133.1 

- 

202.2 

WADC  TR  53-11  251 


Table  l63 
SANTOPOUR 


Base  Oil 


9^  9U6  9U7  9148  9^ 

Cadet  z Oil 


Per  cent 


Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (®F) 

- 

+15 

- 

+5 

- 

Cloud  Point  (°F) 

- 

+18 

+2ii 

- 

+20 

- 

Viscosities 
Centistoke  s 

100° 

- 

- 

- 

- 

- 

- 

0 

0 

- 

- 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

- 

- 

Saybolt  Univ. 
Seconds 

100° 

- 

- 

- 

- 

- 

- 

130° 

- 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

- 

- 

Viscosity 

Index 

- 

- 

- 

- 

- 

— 

HADC  Ifi  3>.ll 
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Table  l6U 


SANTOLUBE 

203A 

Sample  No. 

211 

976 

977 

978 

Base  Oil 

Cadet  z oil 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

Four  Point  (°F) 

- 

+10 

+10 

- 

Cloud  Point  (°F) 

- 

+22 

+18 

- 

Viscosities 

Centistokes 

100° 

- 

- 

- 

- 

130° 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

Saybolt  Univ, 
Sec onds 

100° 

- 

- 

- 

- 

130° 

- 

- 

- 

210° 

- 

- 

- 

- 

Viscosity- 

Index 

WADC  TR  53-11  , 263 


979 

10.0 

+10 

+28 


Table  l6g 
SANTOPOUR  B 


Sample  No. 
Base  Oil 

969 

Cadet  Z 

970 

Oil 

971 

972 

973 

97U 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10,0 

15.0 

Pour  Point  (°F) 

- 

+15 

+15 

- 

-ao 

- 

Cloud  Point  (°F) 

- 

+2li 

+18 

- 

+2 

- 

Viscosities 

Centistokes 

100° 

- 

- 

- 

- 

- 

- 

130° 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

- 

- 

Saybolt  Univ. 
Seconds 

100° 

- 

r 

- 

- 

- 

- 

130° 

- 

- 

- 

- 

- 

210° 

- 

- 

- 

- 

- 

•• 

Viscosity 

Index 

- 

- 

- 

- 

- 

- 

WATC  TR  53-11 
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Table  166 


POUREX 


Sample  No. 
Base  Oil 
Per  cent 

9$1  952 

Cadet  Z Oil 

2^ 

22k 

955 

Additive 

0.5  1.0 

3.0 

5.0 

10.0 

Pour  Point  (°F) 

+15 

+15 

- 

-15 

Cloud  Point  (°F) 

Viscosities 

Centistokes 

+20 

+18 

+20 

100® 

- 

- 

o 

O 

- 

- 

210° 

Saybolt  Univ. 
Seconds 

- 

- 

100° 

- 

- 

- 

130° 

- 

- 

210° 

Viscosity 

tm 

- 

- 

- 

Index 

- 

- 

— 

WADC  TR  53-11 


Table  167 


PARA TONE 


Sample  No. 

909 

910 

911 

912 

913 

Base  Oil 

Cadet  z Oil 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

- 

8.26 

9.92 

- 

19.1^5 

130° 

- 

- 

- 

- 

- 

210° 

- 

2.32 

2.7ii 

- 

U.97 

Saybolt  Univ. 
Seconds 

100° 

- 

52.86 

58.53 

- 

9?.  19 

130° 

-- 

- 

- 

- 

210° 

- 

33.99 

35.U1 

- 

U2.5 

Viscosity- 

Index 

103.5 

13  2, L 

18U.0 
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Table  l68 


ACRYLOID  710 


Sample  No, 

Base  Oil 

Per  cent 
Additive 

Pour  Point  (°F) 

Cloud  Point  (°F) 

Viscosities 

Centistokes 

100® 

130® 

210® 

Saybolt  Univ, 
Seconds 

100® 

130® 

210® 

Viscosity 

Index 


921  922 

Cadet  2 Oil 

0.5  1.0 

8.U 

2.10 

53.39 

3U.28 

116.9 


923  92l 

3.0  5.0 

10.79 

3.11 

61.57 

36.6 

168.0 


925  926 

10.0  15.0 

23.16 

6.66 

112.3 

17.91 

186.5 


WADC  TR  53-11 
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Table  I69 


ACRYLOID  122 


Sample  No. 

921 

928 

929 

930 

931 

932 

Base  Oil 

Cadet z oil 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

15.0 

Pour  Point  (®F) 

- 

- 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

- 

Viscosities 

Centistokes 

100° 

- 

7.96 

9.65 

- 

18.39 

- 

0 

0 

- 

- 

- 

- 

- 

210° 

- 

2,27 

2.75 

- 

5.13 

- 

Saybolt  Univ, 
Seconds 

100° 

- 

51.87 

57.61 

- 

90.8 

- 

130° 

- 

- 

- 

- 

- 

- 

210°' 

- 

33.81 

3S,hh 

- 

U3.02 

- 

Viscosity- 

Index 

105.0 

1U3.1 

195.2 
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Table  170 


ACRYLOID  HF  600 


Sample  No, 
Base  Oil 

933  93U 

Cadet  2 oil 

936 

937 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (°F) 

- 

- 

- 

- 

Cloud  Point  (°F) 

- 

- 

- 

- 

- 

Viscosities 
Centistoke  s 

100° 

- 

9.05 

13.U9 

- 

38.18 

130°' 

- 

- 

- 

WB 

- 

210° 

- 

2.61 

3.9U 

- 

11.08 

Saybolt  Univ, 
Seconds 

100° 

- 

55.57 

71.1i6 

- 

177.5 

130° 

- 

- 

- 

- 

- 

210° 

- 

3U.99 

39.19 

- 

63.03 

Viscosity 

Index 

- 

136.8 

172.2 

- 

207.il 

WADC  TR  5>11 
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Table  171 


SMTODEX 


Sample  No* 

939 

9k0 

9U1 

9U2 

9U3 

Base  Oil 

Cadet ■ 2 Oil 

Per  cent 
Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (’F) 

- 

- 

- 

tm 

mm 

Cloud  Point  ("F) 

- 

- 

m 

- 

- 

Viscosities 

Centistokes 

100“ 

- 

7.93 

10,17 

18.08 

130* 

- 

- 

- 

210* 

2.26 

2.87 

- 

U.93 

Saybolt  Univ, 
Seconds 

100* 

- 

51.77 

59.39 

am 

89.53 

130* 

- 

- 

- 

- 

mm 

210* 

- 

33.77 

35.83 

- 

U2.38 

Viscosity 

Index 

IOU.1 

1U7.8 

19U.1 
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Table  172 


Lew  MOLECULAR  WEIGHT  POLYBUTENE 


Sample  No* 
Base  Oil 

957 

958 

Cadet  Z Oil 

2^ 

960 

2^ 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (*F) 

- 

- 

- 

- 

- 

Cloud  Point  (®F) 

«■ 

- 

- 

«E» 

- 

Viscosities 
Cent  istokes 

100* 

8.17 

9.83 

- 

20.13 

C 

O 

- 

- 

- 

- 

210* 

m 

2.29 

2.71 

- 

5.13 

Saybolt  Univ* 
Seconds 

100* 

- 

52.58 

58.22 

- 

98.03 

130* 

- 

- 

- 

- 

210“ 

- 

33.88 

35.31 

- 

U3.02 

Viscosity 

Index 

- 

100,9 

129.7 

- 

182.5 
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Table  173 


HIGH  MOLECULAR  WEIGHT  POLYBUTENE 


Sample  No. 
Base  Oil 

2§3 

96U 
Cadet  Z 

965 

Oil 

966 

967 

Per  cent 

Additive 

0.5 

1.0 

3.0 

5.0 

10.0 

Pour  Point  (®F) 

- 

mm 

m 

- 

- 

Cloud  Point  (*F) 

- 

- 

m 

- 

- 

Viscosities 

Centistokes 

100“ 

- 

7.9U 

9.68 

18.39 

130” 

- 

- 

- 

mm 

- 

210“ 

- 

2.2U 

2.67 

- 

li.6l 

Saybolt  Univ. 
Sec  ends 

100” 

- 

51.8 

57.71 

- 

90.80 

130” 

- 

mt 

- 

mm 

- 

210” 

- 

33.7 

35.18 

- 

Ul.33 

Viscosity 

Index 

- 

98.13 

126.8 

- 

181.9 
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Table  nh 


30%  VINYL  ETHER  RESIN 


Sample  No. 

961 

982 

9^ 

985 

986 

Base  Oil 

Cadet  Z Oil 

Per  cent 
Additive 

0.5 

1.0 

3,0 

5.0 

10.0 

15.0 

Pour  Point  (“f) 

- 

- 

- 

- 

Cloud  Point  (‘’F) 

- 

- 

mm 

- 

- 

Viscosities 

Centi stokes 

100* 

- 

7.69 

8.73 

13.61 

- 

130* 

- 

- 

- 

- 

- 

mm 

210* 

- 

2.16 

2.UU 

- 

3.59 

- 

Saybolt  Univ, 
Seconds 

100* 

- 

50.98 

5U.I4B 

- 

71.92 

m 

130* 

- 

- 

- 

- 

M. 

- 

210* 

- 

33.  U8 

3U.U2 

- 

36,13 

- 

Viscosity 

Index 

9U.58 

113.2 

. 

168.3 

mm 
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B.  Experimental  Procedure 


1.  Extraction  of  Ccmmercial  Addi-tj.ve3  from  Oil  Blends 

The  following  procedure  for  the  extraction  of  Acryloid  l50 

from  the  oil  blend, in  which  form  it  is  marketed,  is  an  example  of  the 
method  used  for  the  isolation  of  commercial  additives.  Eighty  to  ninety 
grams  of  the  material  were  dissolved  in  diethyl  ether  at  room  temperature 
vrt.th  stirring.  Y/hen  the  additive  had  completely  dissolved,  Uo  milliliters 
of  absolute  ethanol  vrere  added  slov/ly  to  precipitate  the  polymeric  mater- 
ial, The  upper  solvent  layer  bearing  the  oil  fraction  v;as  decanted  and 
centrifuged  to  assure  complete  separation.  The  polymer  v/as  redissolved 
in  ether  and  the  extraction  procedure  repeated.  After  ten  reprecipita- 
tions, no  oil  appeared  in  the  solvent  layer.  The  solvent  rra.s  then  stripped 
from  the  polymer  extract  and  the  combined  oil-bearing  solvent  layers  jrield- 
ed  the  oil  and  additive  fractions. 

2,  Cryoscopic  Determination  of  Molecular  Weight 

The  weighed  sub.iect  polymer  was  dissolved  in  a three-five  per 
cent  concentration  in  symH3ifluorotetra.chl<»*oetteine  by  refluxing.  After 
determination  of  the  weight  of  solvent  vised,  an  aliquot  of  the  solution 
was  placed  into  a small  vaisilvered  denar  flask  having  a side  arm  for  evacua- 
tion of  the  jacket.  A calibrated  Beckmann  thermometer  and  a vertical 
stainless  steel  helical  stirrer  were  canpletely  immersed  in  the  soluticai. 

The  stirring  coil  was  adjvisted  in  place  around  the  Beckmann  thermometer 
bvilb  so  that  it  did  not  touch  any  svurface  during  its  stroke.  Heohanical 
stirring  was  accomplished  with  a standard  windshield  wiper  motor  driven 
by  a Cenco  oil  pump  and  adapted  for  a vertical  reciprocating  str*oke.  The 
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speed  of  stirring  ivas  adjusted  to  60  strokes  per  minute  by  means  of  a 
needle  valve  in  the  pump  line.  The  dev:ar  flask  vras  immersed  in  an  un- 
silvered dewar  flask  containing  Txater  at  a tempera t\jre  approximately  C 
belovT  the  expected  freezing  point.  The  jacket  of  the  flask  containing 
the  cryoscopic  solution  was  evacuated  vith  an  oil  pump  and  the  cooling 
rate  adjusted  to  about  0.l5  degrees  per  minute  by  control  of  the  jacket 
pressure  with  a needle  valve.  Readings  were  taken  at  one  minute  intervals 
initially  and  at  l5  second  intervals  in  the  vicinity  of  the  expected  £reezirg 
point. 

The  molecular  weight  of  the  solute  was  calculated  using  the  follow- 
ing equation; 

_ looa^i  K 

m - 7 r 

(VT^)Wj 

IM  “ average  molecular  weight  of  solute 

K ■ predetermined  molal  freezing  point  constant}  ®c/(mole 
of  solute)  (1000  gm  solvent) 

T7^  ■ weight  of  solute}  gm 
* weight  of  solvent}  gm 

T_  “ freezing  point  of  solvent}  ®C 

a 

T^  “ freezing  point  of  solution,  “C 

3*  Exhaiistive  Eracticmation  of  Dodecyl  Polymethacrylate 

A sample  of  crude  dodecyl  polymettecrylate  to  be  ^actionated 
was  obtained  by  polymerization  for  78  hours  of  2 moles  (5o8  gm)  of  dodecyl 
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methacrylate  in  it  moles  (6l6  gm)  of  carbon  tetrachloride  containing  $,oQ  gm 
of  benzoyl  peroxide  at  70®  C.  After  stripping  of  the  solvent  under  vacuum 
at  IQ?®  C,  the  polymeric  residue  i^vas  dissolved  in  2,000  ml  of  benzene  (0.25 
@nAl)  in  the  following  way;  after  treatment  with  500  ml  of  cold  benzene 
to  saturation  the  remaining  polymer  was  dissolved  in  250  ml  of  benzene 
^vith  refluxing.  The  flask  >ms  then  washed  with  five  separate  250  ml  portions 
of  benzene,  all  solutions  being  combined  in  a three  liter  separatory  funnel. 
The  final  concentration  of  polymer  ivas  approximately  0.25  gm/ml  of  benzene. 

One  liter  of  methanol  vras  added  to  the  benzene  solution}  the 
mixture  was  thoroughly  shaken  and  allovred  to  stand  for  three  hours  at  which 
time  layer  separation  was  complete.  The  lower  layer  was  separated  as 
fraction  No.  12,  Figure  5. 

One  liter  of  methanol  v^as  added  to  the  upper  layer,  fraction 
No.  21,  and  after  shaking,  the  mixt^lre  was  allowed  to  stand  overnight. 

During  this  period  a lower  layer  of  approximately  5 ml  separated.  This 
loiver  layer,  fraction  No.  22,  v/is  added  to  fraction  No*  12.  The  upper 
layer  vrais  fraction  No.  31  in  the  separation  scheme* 

The  solvents  were  removed  from  fractions  Nos.  12  and  31  by 
stripping  at  a maximum  oil  bath  temperature  of  105®  C and  at  pressures 
ranging  from  atmospheric  to  approximately  l5  mm.  The  yields  were;  fraction 
No*  12  » U68.3  gm,  ft*action  No.  31  ® 56.2  gm.  Fraction  No.  12  is  the  polymer 
which  has  been  referred  to  as  the  "unfractionated"  material  vdth  an  average 
molecular  weight  of  li,000,  since  it  represents  the  original  polymerization 
product  from  which  only  monomer  and  other  very  loir  molecular  weight  material 
has  been  removed* 
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Fraction  No,  12  was  dissolved  in  I87O  ml  of  benzene,  0,25  gm/ml, 
and  placed  in  a separatory  funnel.  Complete  transfer  of  the  polymer  was 
insured  by  dissolving  the  major  portion  in  500  ml  of  the  solvent,  refluxing 
with  an  additional  500  ml  and  finally  washing  the  flask  with  portions  of 
the  remaining  870  ml  of  benzene.  All  subsequent  transfers  were  made  sub- 
ject to  these  precautions. 

Methanol  was  added  with  shaking  in  50  ml  increments  \mtil 
schlieren  became  pronounced  and  then  in  25  ml  increments  until  turbidity 
persisted,  A total  of  6OO  ml  of  methanol  was  used.  The  mixture  was 
allowed  to  stand  until  phase  separation  was  complete.  The  lower  layer, 
fraction  No,  13,  was  separated  from  the  upper  layer,  fraction  No,  22, 
after  which  the  solvents  were  removed  as  previously  described,  iields: 
fraction  No.  13  * Ul7.U  gm,  fraction  No,  22  = 58,6  gm. 

The  remaining  fractionations  were  made  essentially  as  described 
for  fraction  No,  12,  each  product  being  treated  according  to  the  scheme 
presented  in  Figure  5.  Where  the  combination  of  fractions  is  indicated, 
e,g«,  fraction  No,  23,  this  was  carried  out  prior  to  the  removal  of  solvent. 
Slight  modifications  were  necessary.  Smaller  samples  e,g.,  fraction  No, 

22,  were  dissolved  in  benzene  in  concentrations  of  0,1  gm/ml.  In  compensation, 
methanol  was  added  in  proportionately  smaller  increments.  In  the  advanced 
stages  of  the  separation  where  most  of  the  low  molecular  weight  material 
had  been  already  eliminated,  it  was  necessary  to  use  methanol-acetone 
mixtures  as  the  precipitant  since  the  polymers  were  too  insoluble  in  methanol 
alone  to  give  adequate  fractionation. 

The  final  fractions  were  freed  of  solvent  in  a vacuum  desiccator 
as  follows:  The  open  top  of  the  desiccator  was  fitted  with  a two-holed 
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rubber  stopper  containing  a capillary  tube  and  an  outlet  tube  to  a vacuum 
pump.  A layer  of  oil  was  placed  in  the  bottom  of  the  desiccator  to  pro- 
mote heat  transfer  and  the  desiccator  t/as  placed  in  an  oil  bath  on  a hot 
plate  fitted  with  a variable  transformer.  The  samples  to  be  treated  were 
placed  in  cream  jars,  submerged  in  the  oil  in  the  desiccator  so  that  the 
capillary  dipped  well  below  the  surface  of  the  liquid.  The  solvent  vjas 
removed  at  pressures  of  from  100  to  2 m at  oil  temperatures  inside  the 
desiccator  of  85-100*  C. 

U.  Devraixing  of  Pennsylvariia  l50  Neutral  Oil 

A solution  composed  of  ?50  ml  of  Pennsylvania  l5o  Neutral  oil, 
pour  point  5*  F,  2100  ml  of  toluene  and  900  ml  of  acetone  (ciLl: solvent  ■ 
1;U  by  volume!  solvent  ■ toluene  ;acetone  *7:3  by  volume)  were  placed  into 
a three  necked  three  liter  round  bottomed  flask  fitted  with  a stirrer, 
filter  stick  and  thermometer  well.  The  flask  was  immersed  in  a cooling 
bath  containing  alcohol  and  TOter  in  a ratio  yielding  a freezing  point  cf 
-65*  F.  The  stirrer  was  started  and  sufficiait  dry  ice  added  to  the  bath 
to  form  a slurry.  The  oil  mixture  was  stirred  for  one  hour  after  its  tem- 
perature had  reached  -6o*  F.  The  stirrer  was  stopped  and  250  ©n  of  filter 
cell  added  to  the  mixture,  which  tos  then  stirred  until  the  filter  cell 
had  ccanpletely  dispersed.  The  stirrer  uvas  replaced  uYith  a gas  inlet  tube 
fitted  to  a dry  nitrogen  tank  having  a reduiction  valve  and  the  mixture  vra.8 
allcfwed  to  stand  for  one— half  hour.  All  rubber  stoppers  were  firmly  wired 
to  the  flask  and  a nitrogen  pressure  of  five  pounds  introduced.  The  de- 
waxed oil  solution,  which  then  rose  through  the  filter  stick,  was  collected 
in  a filter  flask.  It  was  occasionally  necessary  to  increase  the  pressure 
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to  tvrelve  pomds  to  maintain  an  appreciable  flow  rate.  Stripping  of  the 
solvent  from  the  oil  solution  jrLelded  a Pennsylvania  l50  Neutral  oil  v.lth 
a cloud  and  pour  point  lower  than  F# 

5.  Determination  of  ItLcro  Pour  Points 

liicro  pour  point  determinations  were  carried  out  in  an  alcohol 
cooling  bath  con5>osed  of  a glass  tank  fitted  into  a wooden  insulating  bcsx  ■ 
having  Lucite  windows  to  facilitate  the  constant  observation  of  immersed 
samples.  The  one  inch  space  between  tank  and  box  ^vas  packed  vd.th  rock 
wool.  Approximately  one  gram  oil  samples  were  placed  in  one-half  dram 
screw-capped  vials  fitted  v/ith  Neoprene  rubber  gaskets  and  v/ere  preheated 
in  a water  bath  to  212®  F.  The  vials,  after  cooling  to  room  temperature, 
were  put  into  holders  designed  to  permit  tilting  of  the  samples  when  sub- 
merged in  the  bath.  A cooling  rate  of  two  degrees  per  two  minutes,  or  one 
degree  per  minute,  was  accomplished  by  the  addition  of  sufficient  dry  ice 
to  cool  the  alcohol  bath  two  degrees  Fahrenheit  and  the  holding  of  the  bath 
at  that  temperatwe  for  two  minutes.  The  alcohol  was  stirred  at  all  times. 
Cloud  points  were  taken  as  the  temperature  to  which  the  bath  ted  been 
cooled  when  the  s ample  became  cloudy,  while  the  pom?  point  was  the  tempera- 
ture to  which  the  bath  had  been  cooled  when  the  sample  woiild  not  flow  when 
tilted  to  the  horizantal  for  five  seconds* 

Sanqjles  having  cloud  and  pour  points  above  room  temperature  were 
tested  in  a shallow  porcelain  pan  water  bath.  The  bath  containing  the 
samples  was  heated  to  its  boiling  point  and  allowed  to  cool  with  stirring 
to  approximately  20®  F above  the  highest  expected  cloud  point*  A cooling 
rate  of  two  degrees  Fahrenheit  per  two  minutes  was  then  initiated  ■\Yith  shaved 
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ice. 


6.  Preparation  of  Max  Crystal  Slides 

The  normal  paraffins  were  crystallized  from  their  oil  solutions 
on  the  sample  slides.  The  samples  to  be  observed  were  preheated  to  212®  F 
and  placed  on  the  slide  v/hile  hot.  Tfell  defined  crystals  could  be  ob- 
tained only  when  a thick  oil  sample  ivas  used.  After  the  covering  of  the 
oil  drop  ivith  a cover  glass,  samples  vd.th  cloud  points  above  room  tempera- 
ture were  placed  on  a hot  bar  at  a temperature  greater  than  20®  F above 
that  crystallization  temperature.  Cooling  Vifas  accomplished  by  moving  the 
slide  down  the  hot  bar  one  slide  width  every  five  minutes  at  first  and 
progressively  longer  periods  of  time  as  the  expected  cloud  point  vas 
approached.  Y.Tien  initial  crystallization  observed,  the  samples  v^ere 
not  moved  for  at  least  twenty  minutes  and  were  left  at  lower  temperatinres 
for  a minimum  of  fifteen  minutes. 

Samples  with  cloud  points  below  room  temperature  were  allowed  to 
cool  to  room  temperature  on  the  slide  and  were  then  cooled  (to  their  respec- 
tive cloud  points)  on  the  microscope  cold  stage  to  be  described, 

7.  lilcroscope  Cold  Stage 


The  cold  stage  used  for  the  cooling  and  observation  of  wax-oil 
samples  with  cloud  points  belov/  room  temperature  was  composed  of  an  aluminum 
block  to  which  was  attached  a partially  hollov/ed  alvarainum  rod.  The  sample 
slide  rras  placed  on  top  of  the  block  through  Virhich  a snail  hole  had  been 
drilled  to  facilitate  light  passage  through  the  sample.  Both  the  block  and 
the  rod  were  coated  with  thick  layers  of  asbestos  for  insulation.  The  stage 


v/as  cooled  by  the  passage  of  precooled  dry  nitrogen  into  the  rod,  A small 
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gas  outlet  hole  at  a point  above  the  oil  sample  prevented  frosting  of 
the  slide  by  providing  a dry  atmosphere.  Nitrogen  was  precooled  by 
passage  through  coils  iromersed  in  a Dewar  flask  containing  a dry  ice- 
trichloroethylene  bath.  A solenoid  valve  in  the  gas  line  between  the 
tank  and  the  cooling  bath  provided  a temperature  control  when  used  in 
conjunction  with  the  relay  system  of  a Leeds  and  Northrup  Lilcrcmax  and 
a thermocouple  imbedded  in  the  aluminum  block.  The  thermocouple  and  the 
Mcromax  also  recorded  the  cold  stage  temperature, 

A cooling  rate  of  two  degrees  Fahrenheit  per  two  minutes  was 
attained  by  moving  the  liLcronax  black  indicator  arrovT  each  two  minutes 
a number  of  millivolts  on  the  scale  equivalent  to  trro  degrees  Fahrenheit. 
I'iThen  the  red  arrow,  the  stage  temperature  indicator,  vra.s  at  a higher 
reading  than  the  black  arrour,  the  relay  system  activated  the  solenoid  valve 
permitting  the  passage  of  the  cooling  gas.  When  the  red  arrow  indicated 
that  the  stage  had  reached  the  desired  temperature}  i.e,,  the  two  arrows 
read  the  same  ten5)erature,  the  solenoid  valve  closed.  Control  was  main- 
tained within  + 1®  F» 

8.  Preparation  of  Condensation  Polymers 

The  preparation  of  poly-1, 2-tetradecylene  succinate  will  be  de 
scribed  as  an  example  of  the  procedure  used  in  the  synthesis  of  condensa- 
tion polymers.  Reactions  were  carried  in  a 100  ml,  three  necked,  round 
bottomed  flask  one  neck  of  which  tos  replaced  by  an  eight  inch  air  con- 
densing tube  teiTiiinating  in  a one  necked  receiver,  ’.'hen  11.5  g (0.05  moles) 
of  1,2-tetradecandiol,  prepared  according  to  the  procedure  of  Swern,  Billen 
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v’^rid  Scanlan'  and  5.00  gra  (0«05  moles)  of  succinic  anhydride  were  heated 
at  atmospheric  pressure  vrith  an  oil  bath  at  170®  0 and  stirred  for  ii8  hours, 
approximately  1.5  gm  of  vra,ter  distilled  frcm  the  reaction  and  a liquid  amber- 
colored  product  resulted.  The  synthesis  was  then  continued  at  IOC  mm  pressure 
and  170®  0 with  nitrogen  ebullition  and  stirring  for  2k  hours.  At  the  end 
of  this  time  the  pressure  ivas  reduced  to  approximately  one  millimeter  and 
the  reaction  continued  for  five  days.  The  product  ^vas  then  a very  viscous 
dark  brovm  liquid.  The  Icn’rer  molecular  weight  fractions  of  the  yield  were 
removed  by  solution  of  the  polymer  in  25  ml  of  carbon  tetrachloride  and 
precipitation  of  the  higher  molecular  weight  fractions  with  methyl  alcohol. 

The  latter  material  -was  returned  to  the  flask  and  heated  at  170®  0 and  one 


millimeter  pressure  v/ith  nitrogen  ebullition  and  stirring  until  the  product 
had  become  a soft  rubbery  solid  difficiiltly soluble  in  carbon  tetrachloride. 
For  different  preparations  this  time  varied  fron  12  to  it8  hours. 

Variations  in  procedure  were  used  in  the  several  polymerizations. 
In  those  instances  where  phthalic  polyesters  were  prepared,  an  initial  re- 
action temperature  of  l50®  0 was  necessary  to  minimize  the  loss  of  anhydride 
by  sublimation.  Since  the  reaction  conditions  were  designed  to  provide 
optimum  conditions  for  the  removal  of  water  without  distillation  of  re- 
actants or  products,  a considerable  range  of  variations  in  time  and  tempera- 
tures could  be  applied. 
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C.  Habits  of  Pure  n-Paraffin  Wax  Crystallized  from  Dewaxed  Pennsylvania 


150  Neutral  Oil  in  the  Presence  and  Absence  of  Depressants 


Page 


1.  Pure  n-Paraffins  Crystallized  from  Oil  Alone 
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2.  Pure  n-Paraffins  Crystallized  frcm  Oil  Con- 
taining Hexadecyl  Polymethacrylate 
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3.  Pure  n-Paraffins  Crystallized  from  Oil  Ccai- 
taining  Inactive  Additives 
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U.  n-Eicosane  Crystallized  frco  Oil  Containing 
ifilscellaneous  Pour  Point  Depressants 
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5.  n-Octacosane  Crystallized  fron  Oil  Containing 
lid-scellaneous  Pour  Point  Depressants 

Figure  6U  313 

Figure  6^  3H^ 

Figure  66  315 
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Figure  3^ 

6,00/^  n-Bicosane 

Cloxid  Point  36°  F Pour  Point  30°  F 
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Figure  37 

8.605^  n-Heneicosane 
Cloud  Point  58®  F Pour  Point  54®  F 


WADC  TR  53-11 


286 


I 


Figure  38 
8,00^  DF-Docosane 

Clovd.  Point  58°  F Pour  Point  54°  P 
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Figure  4l 


8.00^  n-Bentacosane 


Cloud  Point  76°  F Pour  Point  729  F 
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Figure  42 

8,CX)^  ii-Heptacosane 

Pour  Point  S6®  P 


Cloud  Point  88®  F 


Figure  43 


5.00^  n-Octacosane 


Cloud  Point  82°  F Pour  Point  80°  F 
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Figure  ^ 

7,70^  i>-Octacosane 

Cloud  Point  92°  F Pour  Point  88°  F 
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Figure  45 

8,005^  n-Triacontane 

Cloxjd  Point  106°  F P&ur  Point  102°  F 
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Figure  4b 
5«CX)5^  rv-Bicosane 

3.505S  Hexadecyl  Pol^nnethaciylate 
» 

Cloud  Point  2S®  F Pour  Point  Depression  Exhibited 
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Figure  47 

8.00^  i>-Heneicosane 
3,50^  Hexadecyl  Polymethacrylate 
Clovid  Point  52°  F Pour  Point  Depression  Exhibited 
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Figure  48 
8,00/^  nJbcosane 
3.50^  Bexadeqrl  Polymethacrylate 
Clotid  Point  52°  F Po\ff  Point  Depression  Exhibited 


Figure  4g 
8.00^  iv-Trlcosane 
3,505^  Hexflflacyl  Polymetbacrylate 
Cloud  Point  62°  F Pour  Point  Detression  Exhibited 
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Figure  50 

8,00^  iwITetracosme 
3«50/i  Hexadecyl  Polymethacrylate 
Cloui  Pbint  J2P  f Pour  Point  Depression  fixhibited 
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Figure  53 

8.00^  n-Triacontane 

Hexadeqrl  Polymethacrylate 
Cloud  Point  106°  F Pour  Point  not  determined 
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Figure  5^ 

8.00^  x>*0ctaco8ane 
3.50^  Decgrl  Folymethacxylate 
Cloi:d  Point  88®  P Pour  Point  84®  P 


Figure  ^ 

5,00/^  n-Oc  taco  sane 
3.50^  Octyl  Polyaczylate 
Cloud  Point  F Pour  Point  S0°  F 


Figure  57 
8.CX)^  n-^tacosane 

3.505^  Octyl  Polyacxylate 
Cloud  Point  92°  F Pbur  Point  9OP  F 
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figure  ^ 

8.00^  iv-Octacosaxie 
3.50^  Decyl  Polyacrylate 
Cloud  Point  92®  P Pour  Point  90P  P 
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Figure  59 
8.00^  n-Octacosane 
3*50^  Viscosity  Index  Improver  A 
Cloud  Point  92°  F Pour  Point  90°  F 


<lVr 


Figure  oO 
8,00^  n-Oc  taco  sane 
3.50^  Low  M.W.  Polybutene 
Cloud  Point  88°  F Pour  Point  84°  p 
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Figure  bl 


3.00^  iwfiicosane 

3.^0^  Dodecyl  l:’olyioBthaciylate 


Cloud  Point  28°  F Pour  Point  Depression  Exhibited 
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5,(30;^  n-jSicosane 

3,50^  Itetradecyl  Polymethaciylate 
Cloud  Point  24°  F Poxar  Point  Depression  Exhibited 


Figure  b3 
15.C)0^  n-jilicosane 
6,40/^  Tetradecyl  Polymethacrylate 
Cloud  Point  62°  F Pour  Point  Depression  ibchidited 
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Figure  64 
rv-Octacosane 

3,R0/^  Dodecyl  Polymethacrylate 
Cloud  Point  72°  F Pour  Point  Depression  iixhibited 


Figure  65 
8.70^  iv>Oc  taco  sane 
3.505^  Dodecyl  Polymethacrylate 
Clovid  Point  92®  J Poxir  ibint  90P  T 
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Figure  bb 
3*00^  n-Octax^osane 
3.505^  Tbtradecyl  Polymethaciylate 


Cloud  Point  72°  P Pour  Point  Depression  SbchiMted 
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Figure  67 
5.00^  rt-Oc  taco  sane 
3.50^  Itetradecyl  Polymethacrylate 

Cloud  Point  82°  F Poior  Point  Degression  ilxhibited 
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Figure  68 

6,50^  n-Oc taco sane 

3,505^  lietradecyl  Poi^ethacrylate 

Cloud  Point  88°  F Pour  Point  84-0  P 


Figure  bg 
8.00^  ivOctacosane 
3.505^  !Ibtradecyl  Poljmiethaciylate 


Clovd.  Point  92®  F Pour  Point  88°  F 


VADC  TR  53-U 


318 


fmmi 


Figure  70 
5.505^  tt-Octacosane 
3,30^  Hejcadecgrl  Poljnnethacxylate 

Cloud  Point  S4®  F Pour  Point  Depression  ibchibited 


Figure  7I 
8.00)6  n-Octacosane 
3.501^  Hexa:iecyl  Polymethacrylate 
Cloud  Point  g2°  F Pour  Point  8b°  F 


Figure  f2 
8.00^  n-Octacosane 
3,50/^  Commercial  Depressant  A 
Cloud  Point  90°  P Povir  Point  Depression  ilxhibited 
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8,CX)5^  n-Octacosane 


3.505^  Commercial  Depressant  B 


Cloud  Point  88°  F Poxar  Point  Depression  iSxhibited 
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lianuscript  of  Paper  Presented  Before  the  Society  of  Puheology, 


Chicago,  October  27*  1951 


THE  RHEOLOGY  OF  A LUBRICATING  OIL  AT 
TEMPEMTURES  BELGT  THE  POUR  POINT^^^ 


1.  INTRODUCTION 


LSany  petroleum-base  lubricating  oils  become  rigid  solids  or 

semi-solids  at  temperat\ires  belotr  their  cloud  points.  A widely  used 

test  for  evaluating  the  low  temperature  usefvilness  of  an  oil,  devised 

by  the  American  Society  for  Testing  I^terials,  defines  the  pour  point  as 

that  temperatiire  below  which  the  oil  will  not  pour  from  a standard  vessel 

mder  rigidly  specified  ccaiditicais  of  cooling  and  manipulation^^^^ . Pre- 

vio\is  investigations  of  the  rheology  of  petroleum  oils  in  the  temperature 

(2Z) 

region  below  the  pour  point  have  been  reviewed  by  Bondi'  ' , who  ccmraents 
that  the  field  of  loi/  temperature  visccmetry  of  lubricating  oils  is  in  an 
exploratory  stage  in  which  each  investigator  has  devised  a flat  measuring 
apparatus  for  his  cwn  particular  aims.  For  the  most  part  the  instruments 
used  have  been  viscometers  of  a capillary  type.  This  paper  presents  ob- 
servations on  the  behavior  of  a lubricating  oil  beloiT  the  pour  point  in  a 
rotational,  concentric-cylinder  viscometer,  and  some  aspects  of  the  rheology 
of  a suspension  of  a normal  paraffin  hydrocarbon  in  a petroleum  oil. . 
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2.  EXPERIIIENTAL  ILSTHODS 


The  1<3W  temperature  studies  in  this  investigation  have  been 
made  with  a rotational  visccoieter  patterned  after  that  described  by 
Green  ' . The  oil  is  sitmted  in  an  anniiLar  space  betv/een  coaxial 
cylinders,  the  outer  of  which  (the  cup)  rotates  at  a mmber  of  constant 
velocities  in  UO  equal  increments  to  UOO  rpm»  The  inner  cylinder  (the 
bob)  is  attached  to  a torsion  spring  which  permits  measurement  of  the 
torque  imparted  to  it.  The  measurements  have  been  reduced  to  absolute 
units  by  means  of  the  follcn'dng  reilations  derivable  from  the  hydro- 
dynamics of  Newtonian  flow  under  these  conditions: 

The  shearing  stress,  S,  and  rate  of  shear,  I,  are  given  by. 


and 


(1) 


(2) 


% 


2 IT  r^h 


2 2 
2R.\2 


c 

T 


«o  - V 


OD 


where  the  symbols  appearing  are  defined  as  follows: 

T ■ torque  on  the  bob 

h^"  effective  height  of  the  bob  and  contains  an  end  correction 

R = radius  of  the  cup 
c 


Rb 


» radius  of  the  bob 


R + RJ 

r a ■■■  ..I.  a average  radial  distance  of  the  sheared  sample 


(fii) 


from  the  axis  of  rotation 
angxilar  velocity  of  the  cup 
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In  order  that  the  shear  rate  attainable  might  be  extended, 
tr^o  cups  having  radii  of  l.ljO  cm  and  1.50  cm,  giving  cup  to  bob  clear- 
ances of  1.0  mm  and  2,0  mm,  respectively,  have  been  employed.  In  the 
data  presented  the  cup  used  is  indicated  by  the  use  of  solid  symbols 
for  the  former  and  open  symbols  for  the  latter. 

The  low  temperature  meastarements  were  made  at  -25°  C and 
-30°  C,  such  temperatures  being  maintained  by  means  of  a special  bath 
surrounding  thj  viscometer  cup  and  an  external  cooling  system.  The 
viscometer  cup  was  situated  in  a steel  bath  5.5  inches  in  diameter  and 
9.5  inches  high,  insxalated  iTith  two  inches  of  glass  wool.  Through  the 
bath  was  circulated  a coolant,  isopropyl  alcohol,  continuously  pumped 
through  coils  in  a cryostat  containing  an  alcohol  water  mixture  freez- 
ing about  10°  C belcnr;-  the  temperature  of  the  experiment  and  cooled  with 
dry  ice,  Variaticms  in  temperatures  were  opposed  by  a 125  iratt  electric 
heater  in  the  pumping  system  transferring  heat  to  the  bath  liquid.  The 
heater  was  operated  intermittently  by  the  control  circuits  of  a ISLcrcmax 
recording  potentiometer  which  recorded  the  output  of  a 3-junction  thermo- 
pile in  the  viscometer  bath.  Under  steady  state  conditions  temperature 
control  of  j 0.25°  C v/as  obtained}  however,  in  the  initial  stages  of 
shearing  at  high  rates  there  was  observed  a slight  rise  in  temperature, 
the  degree  of  control  being  estimated  at  ^ 0,5°  C.  A plastic  frost 
shield  extending  from  the  bath  cover  to  the  bdb  bearing  sleeve  liras 
flooded  with  precooled  dry  nitrogen,  preventing  moisture  condensation 
on  the  sample  and  excessive  heat  loss  through  the  bob  shaft. 
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Since  the  thernal  history  of  an  oil  is  Icnowi  to  affect  its  low 
temperatxxre  rheology^ the  rate  of  cooling  the  sample  to  the  tempera- 
ture of  the  experiment  rras  controlled  by  the  rate  of  addition  of  dry  ice 
to  the  cryostat,  and  unless  otherrdise  noted  the  samples  rrere  cooled  at 
a rate  of  1®  C per  minute  and  maintained  at  the  temperature  of  the  experi- 
ment for  30  minutes  before  shearing* 

This  investigation  vras  made  on  caie  oil  designated  Pennsylvania 
1^0  Neutral,  deivaxed  to  a pour  point  of  -l5*  C.  All  samples  were  obtained 
frcci  a single  50  gallon  lot,  being  ivithdrawn  in  quantities  of  about  1 liter 
and  heated  to  100"  C before  use* 

A high  pour  point  oil  vras  prepared  by  the  addition  of  Eastman 
\7hite  label  grade  n-octacosane  to  the  above  oil.  This  system  was  studied 
with  a Stormer  viscometer  ivith  cylindrical  cup  and  bob  modified  accord- 
ing to  Fiacher^^^^.  The  sample  vrais  heated  to  solution  of  the  ^vax  at  6o®  0, 
placed  in  the  viscometer  cup  and,  with  the  bob  in  place,  cooled  to  30"  C, 
at  which  temperature  it  was  qxiite  solid* 

3.  RESULTS  AHD  DISCUSSION 

A.  General  Characteristics 

To  observe  the  decrease  in  apparent  viscosity  ^7ith  time  of 
shearing,  the  change  in  shearing  stress  with  time  while  shearing  the  oil 
at  a constant  rate  was  recorded*  Typical  stress-time  c\irves  for  a number 
of  shear  rates  at  -30"  C are  shoim  in  Figure  7U»  At  the  higher  rates  of 
shear  the  stress-time  curves  may  be  approximately  represented  as  an  exponen- 
tial relaxation  equation, 
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FIG.  74-STRESS  RELAXATION  CURVES  AT  CONSTANT  RATES  OF  SHEAR. 
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(3) 


S+  = + S 

t O 00  00 

where  the  shearing  stress,  S^,  decreases  as  a function  of  tiiae,  t,  frcm  an 

initial  value,  S^,  to  an  equilibrium  value,  3^,  at  a rate  determined  by 

the  relaxation  time,  t . 

r 

At  very  low  rates  of  shear,  hofrever,  such  as  curve  5,  Figure  7U, 
the  stress-time  curves  exhibit  a marked  deviation  from  equation  (l)  and 
it  becomes  necessary  to  add  higher  order  terms  to  approximate  the  form  of 
the  curves*  Two  exponential  terms  of  a series  is  a reasonably  good  approxi- 
mation of  the  data,  thus; 

(U)  Sj  ■ (S^  - S„)  . (sj  - s^)  . 

In  Figure  75  the  stress-time  data  at  a number  of  constant  rates 
of  shear  have  been  used  to  construct  the  consistency  curves  for  the  oil 
initially,  i.e,,  at  zero  time,  and  when  the  rigid  structure  is  ccnpletely 
reduced,  . This  reveals  that  the  initial  stress  at  Iovt  shear  rates, 

S*,  is  disproportionately  higher  than  for  high  shear  rates,  S^.  The  ex- 
planation beccsnes  apparent  from  the  calc\ilated  values  of  relaxation  times, 
and  t^,  in  Figure  76,  shewing  that  the  higher  order  terms  become  rapidly 
transient  v/ith  increasing  rates  of  shear  and  would  not  be  observed  experi- 
mentally, Thus,  while  the  consistency  of  the  unsheared  oil  would  appear 
to  correspond  with  the  ciu’ve  in  Figure  75  on  the  basis  of  experiments 
at  high  rates  of  shear,  it  must  at  least  be  as  high  as  S*,  which  curve  is 
largely  undetermined,  the  breakdown  in  the  initial  structure  being  very 
rapid  at  high  shear  rates* 
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FIG.  75  - CONSISTENCY  CURVES  FOR  PENN.  150  NEUTRAL  OIL 
CONSTRUCTED  FROM  STRESS  RELAXATION  DATA. 

TEMPERATURE  =-30*C 


RELAXATION  TIME  (SECONDS) 


FIG. 76- RELAXATION  TIMES  AS  A FUNCTION  OF  RATE  OF  SHEAR 

TEMPERATURE  »-30»C 
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Stress  relaxation  curves  from  experiments  employing  a m\Joh 
loiTer  cooling  rate  permitting  a higher  degree  of  cryetallinity  are  shovm 
in  Figure  77.  Here  it  is  quite  evident  that  a rapid  degeneration  of  struc- 
ture occurs  in  the  first  sec<xids  of  shearing  and  that  the  initial  stress 
is  quite  high  and  impossible  to  determine  by  extrapolation.  Cooling  rate 
vras  observed  to  have  no  effect  on  equilibrium  stress^  as  may  be  seen  in 
Figure  82  to  be  presented  later  in  the  text* 

At  equilibrium  the  shearing  stress  for  corresponding  rates  of 
shear  describes  the  curve  in  Figure  75 i hoiTever,  this  curve  is  not 
uniquely  definedj  and  the  experiment  depicted  in  Figure  76  demonstrates 
that  the  oil  in  this  state  is  essentially  a Nevrtonian  liquid  t?ith  an 
equilibrium  viscosity  which  decreases  with  increasing  rates  of  shear.  If 
the  oil  is  sheared  until  equilibrim  is  attained  at  stxne  constant  shear  rate^ 
1^,  a consistency  curve  then  determined  in  a time  short  compared  to  the  re- 
laxation time^  t^)  is  linear  through  the  origin*  Increasing  the  rate  of 
shear  to  a higher  level,  eg,  results  in  an  initial  stress,  Sg,  followed 
by  a relaxation  to  83,  correspoiding  to  an  eqviilibrium  Newtonian  viscosity 
for  the  higher  rate  of  shear.  The  departure  from  linearity  of  the  curves 
from  higher  rates  of  shear  may  be  attributed  to  relaxation  during  the  time 
required  for  the  determination* 

In  the  matter  of  a recovery  in  viscosity  when  the  oil  is  allowed 
to  ’’rest"  after  shearing  to  equilibrium  the  behaviors  at  high  and  low  rates 
of  shear  are  in  marked  contrast.  Viscosities  computed  from  rapidly  deter- 
mined ccnsistency  curves  after  successive  ^-minute  intervals  of  no  shearing, 
following  shearing  to  equilibrium  at  1*96  sec**^,  show  a rapid  increase 
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SHEARING  STRESS  (DYNES/ Cm^)  X 10" 


TEMPERATURE  = -30®C 
COOLING  RATE  = 0.3»C/MINUTE 


FIG.  77- STRESS  RELAXATION  CURVES  FOR  A LOW  RATE  OF  COOLING 
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(Figure  79).  Cn  the  other  hand,  no  increase  in  viscosity ’./as  observed 
after  tv/o  hovirs  rest  v/hen  a sample  had  been  sheared  to  equilibrim  at 
sec“^  (Figure  8o). 

The  differences  in  behavior  observed  at  Iovt  and  liigh  shear 
rates  may  be  recmciled  if  it  is  concluded  that  txro  different  phenctnena 
are  involved,  namely,  (l)  an  irreversible  (tirithin  the  tirae  scale  of  the 
experiment)  breakdown  in  the  initial  rigid  structure  of  the  oil,  which 
is  predominant  at  low  shear  rates  and  rapidly  transient  at  high  rates  of 
shear,  and  (2)  a reversible  apparent  thixotropy  predominant  at  high  rates 
of  shear  and  similar  to  the  behavior  of  high  viscosity  oils  at  room  tempera- 
ture reported  by  Weltmann^^^^^^^^. 

Weltmanh  attributed  the  apparent  thixotropy  of  high  viscosity 
oils  in  a rotational  viscometer  to  molecvilar  orientation  in  the  main, 
hwever,  temperature  effects  due  to  heat  generated  in  shearing  are  known 
to  play  some  part  in  the  decrease  in  viscosity  as  evidenced  by  recorded 
rises  in  temperature  at  the  bob  wall.  The  temperature  rise  ims  found 
to  be  proportional  to  the  cup  to  bob  clearance . If  temperature 
effects  COTitribute  to  the  observed  decrease  in  viscosity  ’.dth  increased 
rate  of  shear  the  equilibrium  viscosity  should  shor/  a dependence  on  cup 
to  bob  clearance.  Such  a dependence  was  observed,  the  equilibrium 
viscosities  being  consistently  higher  vrhen  measured  r/ith  a 1,1;  cm  cxxp 
than  vrith  a cm  cup,  giving  clearances  of  1,0  ram  and  2.0  mm,  respectively. 

B*  Tmnperature  Effects 

The  effect  of  frictional  heating  on  the  measured  value  of  the 
equilibrium  viscosity  can  be  calcvuLated  from  the  equations  of  heat  flow 
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FIG.  79- RECOVERY  OF  VISCOSITY  ON  STANDING  AFTER  SHEARING 
TO  EQUILIBRIUM  AT  A HIGH  RATE  OF  SHEAR. 
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APPARENT  VISCOSITY  (POISES) 


FIG.  80- RELAXATION  CURVES  DETERMINED  AT  A LOW  RATE  OF  SHEAR 
INITIALLY  AND  AFTER  TWO  HOURS  STANDING. 
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and  mechanical  equilibrium  if  the  florr  is  assumed  to  be  Nevrtaiian.  Since 
the  cup  to  bob  clearance  is  small  compared  to  the  cup  radius,  it  is  a Suffic- 
iently good  approadmation  to  treat  the  case  of  plane  flm»  This  has  been 
(27) 

done  by  I^gg  for  a number  of  cases  corresponding  to  assumed  tempera- 
tures at  the  cup  and  bob.  The  temperature  dependence  of  viscosity  was 
assumed  to  have  the  form* 

(5)  y (t)  » 

where  is  the  viscosity  at  the  reference  temperature  (the  cup  tempera- 
ture in  the  present  case),  T is  the  temperature  rise,  and  a the  tmperature 
coefficient  of  viscosity.  For  the  case  at  hand,  it  is  assumed  that  the  cup 
temperature  is  maintained  at  the  temperature  of  the  bath  and  that  the  bob 
is  thermally  insulated.  The  calculation  then  gives  for  the  temperature 
rise  of  the  bob  at  thermal  equilibrium  the  result; 


(6) 


^bob  “ 


(l/a)ln  (1  + p/2). 


where  P is  a dimensionless  parameter  given  by  the  alternative  forms: 


(7)  P 


d ^ .2 


the  other  symbols  being  defined  as  follows: 


(1  + 5^)  e 


■ radixis  of  the  bob, 

R ■ radius  of  the  cup 
d * * c\jqp-to-bob  clearance 

^ ■ angular  velocity  of  the  cup 
e * rate  of  shear 

^ • thermal  conductivity  of  the  oil. 
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Calculation  of  the  apparent  viscosity  at  thermal  eqiiilibrium  yields  the 
result; 

^ 

In  order  to  estimate  the  possible  magnitude  of  the  viscosity 
change  due  to  the  rise  in  temperatvire  of  the  oil,  it  is  assumed  that 
the  completely  sheared  oil  is  a Newtonian  liquid  and  that  the  dependence 
of  equilibrium  viscosity  on  rate  of  shear  is  due  entirely  to  heating 
effects#  The  true  viscosity,  can  then  be  estimated  ft*om  the  slope 

at  the  origin  of  the  curve  (Figure  8l),  This  gives  90  poises  and 
220  poises  for  at  -25*  C and  -30*  C,  respectively,  from  which  the 
viscosity-temperature  coefficient  at  -30*  C is  found; 


« . . .18  Co)-i  . 

5 

The  thermal  conductivity  is  taken  to  be; 

■ .00035  cal/cm  - sec  - *C  •*  1*5  x 10^  ergs/cm  - sec  - “C. 

Expressed  in  terms  of  the  rate  of  shear,  e,  as  defined  by  equation  (2), 

P is  given  by  2 

a d 

At  a rate  of  shear  of  600  sec~^  the  temperature  rise  of  the  bob 
is  calculated  to  be  10®  C and  17“  C for  the  l.U  cm  and  1.5  cm  cups,  respec- 
tively. ITith  such  high  temperature  rises  it  appears  unlikely  that  the 
assumption  that  the  bob  is  thermally  insulated  is  a good  approximation. 


If  account  were  taken  of  the  heat  loss  of  the  bob  to  the  surroundings  the 
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SHEARING  STRESS  (DYNES/Cm*  ) X 10'® 


FIG.  81  - ESTIMATED  EQUILIBRIUM  VISCOSITIES  IN  THE  LIMIT  OF 
LOW  RATES  OF  SHEAR  AT  -25®C  AND  -30® C 
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calculated  equilibrivim  viscosities  would  not  fall  off  as  rapidly  vrith 
increasing  rate  of  shear. 

A comparison  of  the  calculated  and  observed  equilibrium  viscosi- 
ties appears  in  Figure  82.  Heating  effects  are  of  the  correct  order  of 
magnitude  and  in  qualitative  agreement  v/ith  the  dbservations,  although 
the  viscosity  falls  off  much  more  rapidly  than  predicted  from  the  calcula- 
tions. A possible  source  of  discrepancy,  in  addition  to  the  assumed 
perfect  thermal  isolation  of  the  bob,  is  the  uncertainty  in  the  choice  of 
the  initial  viscosity,  y and  likewise  in  the  determination  of  the 
temperature  coefficient,  cijused  in  the  theoretical  formula,  in  any  event, 
it  appears  that  heating  effects  do  not  explain  the  entire  relaxation  of 
viscosity  to  the  eq\iilibri urn  value. 

C.  VJax-Oil  Suspensions 

The  existence  of  a network  of  solid  v;ax  crystals  in  natural 
petroleum  oils  below  their  poiir  points  has  been  reported  by  Erk^^^^,  who 
suggests  that  this  structijre  is  responsible  for  the  rigidity.  In  order 
to  determine  the  effect  of  suspended  wax  in  an  oil  under  such  conditions 
that  temperature  effects  nay  be  neglected,  a study  ras  made  of  the  rheology 
of  Pennsylvania  1^0  Neutral  oil  containing  seven  per  cent  n-octacosane. 
Observations  were  made  at  +30®  C using  a modified  Stormer  viscometer  with 
which  very  low  rates  of  shear  may  be  obtained. 

With  the  Stormer  viscometer  the  amount  of  continuous  shearing 
possible  ^Tithout  revdjiding  the  line  to  which  the  load  is  attached  is  about 
100  revolutions.  ’Then  the  sample  is  sheared  to  this  extent  repeatedly  at 
constant  load  the  breakdovTn  is  additive  and  with  the  same  result  as  if  the 
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FIG.  82  - CALCULATED  AND  OBSERVED  EQUILIBRIUM  VISCOSITIES  FOR 
TWO  CUP  TO  BOB  CLEARANCES. 


sample  had  been  sheared  continuously  for  the  same  number  of  revolutions* 

Furthermore,  v^hen  different  loads  are  used  the  increase  in  fluidity  of 

the  sample  is  a function  of  the  total  work  which  has  gone  into  shearing, 

i*e*,  the  sum  of  the  products  of  the  load  and  the  number  of  revolutions 

of  the  viscometer  at  that  load*  Data  obtained  from  a single  experiment 

are  shovm  in  Figure  83,  where  the  rate  of  shear  at  constant  loads  is 

plotted  against  the  total  vrork  of  shearing.  The  shearing  was  not  con- 

2 

tinuous  and  \7as  with  shearing  streeses  varying  frcm  65  to  177  dynes/cm  , 

The  same  data  are  used  to  plot  the  consistency  curves  for  the  suspension 
at  different  degrees  of  breakdoivn  in  Figure  81*,  which  shews  a progression 
from  plastic  flovY  to  Newtonian  flovr  with  a continuously  decreasing  viscosity 
tovTard  a minimiim.  The  discontinuities  appearing  in  the  curves  in  Figure  83 
are  not  clearly  understood,  but  are  attributed  to  changes  due  to  fluctua- 
tions in  temperature  of  tlie  sample* 

Since  the  degree  of  breakdwm  is  determined  by  the  \rork  done  in 
shearing,  the  rate  of  relaxation  at  constant  rates  of  shear  should  be 
determined  by  the  rate  of  energy  input  to  the  system.  Thus,  as  a first 
approximation,  the  relaxation  times  shoxild  be  inversely  proportional  to 
the  square  of  the  rate  of  shear,  which  is  in  accord  with  the  JWpid  de- 
crease in  relaxation  times  observed  for  the  natural  oil  at  lorr  temperatures. 

In  the  case  of  Pennsylvania  l50  Neutral  oil  and  the  high  pour 
point  mixture  containing  suspended  n-octacosane,  the  failure  to  exhibit 
recovery  of  rigidity  after  shearing  and  the  Newtonian  floiv  characteristics 
of  the  sheared  samples  in  all  but  the  very  early  stages  of  breakdoim 
suggest  that  the  f orces  of  adhesion  between  the  wax  crystals  are  not  the 
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FIG.  83 -THIXOTROPY  OF  A SUSPENSION  OF  N-OCTACOSANE  IN  PENNSYLVANIA 
150  NEUTRAL  OIL  AT  CONSTANT  SHEARING  STRESSES. 

(TEMPERATURE  = 30“ C) 


FI6.84- CONSISTENCY  CURVES  FOR  A SUSPENSION 
OF  n-OCTACOSANE  IN  PENN.  ISO  NEUTRAL 
OIL  WITH  INCREASING  WORK  OF  SHEARING. 
TEKIPERAT0RE=30«  C 
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electr-cal  forces  attributed  to  normal  gels.  The  observed  properties 
may  be  explained  tqr  assuming  that  the  adhesion  is  through  lattice  forcesj 
i.e.,  that  the  crystals  are  grotm  together,  and  that  the  decreasing  viscosity 
is  due  to  the  mechanical  degi*adaticto  of  this  rigid  netr/ork  into  progressively 
snsaller  units  due  to  shearing# 

U.  CONCLUSIONS 

The  thixotropy  exhibited  by  Pennsylvania  l5o  Neutral  oil  belowr 
its  po\ir  point  in  a rotatiaial,  concentric-cylinder  visccaneter  may  be  re- 
solved into  tivo  processes  occurring  simultaneously: 

1.  A degeneration  of  the  rigid  structure,  predcminantly  observed 
at  low  rates  of  shear  and  occurring  very  rapidly  at  high  rates  of  shear. 

2.  A reversible  apparent  thixotropy  occurring  predominantly  at 
high  rates  of  shear. 

A calcxilation  of  the  form  and  magnitude  of  temperature  effects 
due  to  frictional  heating  accounts  for  a large  part  but  not  all  of  the 
latter  effect. 

A suspension  of  a p\a*e  nonnal  paraffin  hydrocarbon  precipitated 
in  a petroleum  oil  produces  a high  pour  point  system  which  has  been  studied 
in  the  absence  of  heating  effects.  This  system  exhibits  a progressive  in- 
crease in  fluidity  as  a function  of  the  >7ark  done  in  shearing,  and  a transi- 
tion from  plastic  to  Newtonian  flow. 

An  explanation  proposed  is  that  the  wax  crystals  existing  in  the 
saturated  solution  are  grown  together  at  the  points  of  contact  and  that  this 
matrix  is  mechanically  degraded  due  to  shearing# 
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5.  APPENDIX  OF  Manuscript 


Temperature  Effects  in  the  Ileasurement  of  Viscosity  v/ith  the  Rotational 


Viscometer 

For  the  case  of  a rotational,  concentric -cylinder  viscometer  the 
effect  of  frictional  heating  on  the  measured  value  of  viscosity  can  be 
calculated  from  the  equations  of  heat  flow  and  mechanical  equilibrium  if 
the  flow  is  assumed  to  be  Newtonian.  This  analysis  ias  been  carried  out 
and  given  in  an  earlier  report for  an  assumed  viscosity-temperature 
law  of  the  form: 


(1) 


• 1 + 


aT 


In  the  present  case  the  solution  is  given  assuming  the  more 
realistic  temperature  dependence  of  viscosity  given  by, 


(2) 


> (T)  ■ 


-aT 


^ ^ being  the  viscosity  at  the  reference  t«nperature  and  ^(T)  the  viscosity 
for  any  temperature  rise,  T*  The  constant,  a,  is  the  temperature  coefficient 
of  viscosity* 

The  soluticn  to  this  problem  for  a number  of  boundary  conditions 
(275 

has  been  given  by  Bagg'  " for  the  case  of  frictional  heating  in  journal 
bearings.  The  results  obtained  here  for  the  rotational  viscometer,  when 
reduced  to  the  same  terms,  are  in  agreement  with  Bagg, 

This  analysis  was  made  for  the  Precision-Inter  chemical  viscometer 
in  which  the  cup  turns  and  the  inner  cylinder  is  stationary,  although  it 
is  unimportant  whether  the  inner  or  outer  cylinder  rotates*  Since  the  cup 
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to  bob  clearance  is  small  ccmpared  to  the  cup  radius,  it  is  a sufficiently 
good  approximation  to  trest  the  case  of  plane  flow.  Denoting  the  tempera- 
ture rise  of  the  oil  by  T and  the  coordinate  in  the  radial  direction, 
measured  fron  bob  to  cup,  by  x,  the  equation  for  heat  flow  becomes 


(3) 


tfl 


d\r  .2 


-^(T)  (^) 


Where 

« thermal  conductivity  of  the  oil. 

^(T).  viscosity  as  a function  of  temperature. 
V (x)“  linear  velocity  of  the  cup. 

The  term  on  the  right  side  represents  the  genera titai  of  heat  per  laiit 
volume  due  to  viscouis  fi'iction. 

If  it  is  assumed  timt  the  cup  t^peratura  is  maintained  at  the 
temperature  of  the  bath  and  that  the  bob  is  thermally  insulated,  the 


boundary  conditions  become 

(0) 

ax 

T (d) 


(U) 


where  d is  the  cup  to  bob  clearance.  The  equation  for  mechanical  equill- 
briun  Is 

(5) 


With  the  boundary  conditions 

(6)  V (o)  - 0 

V (d)  - ttl  > 

being  the  radius  of  the  cup  and  c>)  its  angular  velocity. 
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Vn’ith  the  temperature  dependent  viscosity,  ^ (T),  given  by 
eqviation  (2),  where  ^ ^ is  the  tempera ttire  of  the  cup  \Thich  is  assmed 
to  be  the  same  as  the  viscometer  bath,  the  solution  to  this  system  of 
equations  gives  the  folloiTing  result  for  the  temperature  distribution 
across  the  annular  space  at  thermal  equilibirium; 


(7) 


T (x)  «=  i In  Q(i  + p/2)  sech^  sinh“^  ) 


where  p is  a dimensionless  parameter  given  by, 

XI.  ^ 

(8)  P 


The  maximum  temperature  rise  occurs  at  the  bob,  and  is  given  by. 


(9)  T (o)  - i In  (1  + p/2) 

The  apparent  viscosity  at  thermal  equilibrium  is  given  by, 

(10)  -/s/T 

Y 1 + p/2 

Equations  (9)  and  (10)  give  the  temperature  rise  at  the  bob  and 
apparent  viscosity,  respectively,  at  thermal  equilibrium.  The  problem  of 
the  transient  behavior,  or  time  dependence  of  viscosity  is  considerably 
more  diffic\jlt,  however,  the  relaxation  time  may  be  estimated  frcra  the  time 
constant  for  thermal  equilibrium.  For  this  purpose  the  temperature  dependence 
of  viscosity  is  neglected,  a good  approximatiOTi  only  at  low  rates  of  shear. 

The  heat  flow  equation  in  this  case  becomes 


(11)  ^ ^ 

^x 
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where  p is  the  density  of  the  oil  and  c is  its  specific  heat.  The  bovindary 
condition  at  x ■ 0 nm  becomes 

(02)  2ir  (0)  - h -ll-  (a) 

where  ^ ^ and  C|^  are  the  density  and  specific  heat  of  the  bob,  respectively, 
is  the  bob  radius  and  h its  height.  The  transient  temperature  -will  be  a 
sum  of  terms  of  the  fora 


(13)  T (x,t)  = sin  (d-oc)e“^/'^, 

where  the  coefficients  A<j^  are  determined  by  the  initial  temperatin'e  dis- 
tribution* The  boundary  condition  at  x * o imposes  the  following  equation 
for^: 


Using  the  numerical  values:  . 

p ■ 0»9  ffns/w^ 
c « 0«U5  cal/ga.  *0 
fb  ■ 7.83  gns/em? 

■ 0.U  oal/gn  ®C 
d « 0*2  cm 
Rjj  • 1.3  cm  , 

the  right  hand  side  takes  the  value  0«ll:i:.  To  calculate  the  principal  root 
for  such  a small  value  the  tangent  function  may  be  replaced  by  its  argument 
and  the  equation  solved  directly  for  "t*,  yielding  the  result: 

b%\d 


(15) 


T" 


2 ^ 
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With  the  numerical  values  given  above,  - 320  seconds,  which 
applies  to  the  1.5  cm  cup,  or  160  seconds  for  the  l,i|  cm  cup.  In  Figure  76 
it  is  shovm  that  the  relaxation  times  for  viscosity  at  rates  of  shear  above 
loo  sec"*^,  where  the  reversible  thixotropic  effect  can  be  separated  from 
the  irreversible  breakdown  effect,  were  about  100  sec.  for  the  l.U  cm  cup. 

In  view  of  the  assumptions  made  in  these  calculations,  this  is  considered 
sufficiently  close  agreement  that  the  effect  can  be  attributed  to  flrictional 
heating* 
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to  bob  clearance  is  small  ccmpared  to  the  cup  radius,  it  is  a sufficiently 
good  approacLmation  to  trest  the  case  of  plane  flow.  Denoting  the  tempe3?a- 
t\jre  rise  of  the  oil  by  T and  the  coordinate  in  the  radial  direction, 
measured  from  bob  to  cup,  by  x,  the  equation  for  heat  flovir  beccsnes 


(3) 


vhere 


■ thermal  conductivity  of  the  oil. 

viscosity  as  a function  of  temperature. 
V (x)«  linear  velocity  of  the  cup. 

The  term  on  the  right  side  represents  the  generation  of  heat  per  unit 
volume  due  to  viscous  frieticsi. 

If  it  is  assimied  that  the  cup  temperature  is  maintained  at  the 
temperature  of  the  bath  and  that  the  bob  is  thermally  insulated,  the 


boundary  conditions  become 

T (d) 


(U) 


where  d is  the  cup  to  bob  clearance.  The  equation  for  meclanical  equili- 
bxlun  is 

(5) 


Tdth  the  boundary  conditions 

(6)  V (o)  - 0 

V (d)  - ttl  > 

R^  being  the  radius  of  the  cup  and  o>)  its  angular  velocity. 
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With  the  temperature  dependent  viscosity,  ^ (t),  given  by 
equation  (2),  where  ^ ^ is  the  temperature  of  the  cup  vfhich  is  assumed 
to  be  the  same  as  the  viscometer  bath,  the  solution  to  this  system  of 
equations  gives  the  folloiTing  result  for  the  temperature  distribution 
across  the  annular  space  at  thermal  equilibrium; 


(7) 


T (x)  * In  Q(1  + p/2)  sech^  (-j  sinhT^  ) $ 


where  p is  a dimensionless  parameter  given  by, 

U.  yy  n ^ 

(8)  P 


The  maximum  temperatvire  rise  occurs  at  the  bob,  and  is  given  by. 


(9)  T (o)  - In  (1  + P/2) 

The  apparent  viscosity  at  thermal  equilibrium  is  given  by, 

(10)  V-  Yo 

Y 1 + p/2 


Equations  (?)  and  (10)  give  the  temperature  rise  at  the  bob  and 
apparent  viscosity,  respectively,  at  thermal  equilibrium.  The  problem  of 
the  transient  behavior,  or  time  dependence  of  viscosity  is  craisiderably 
more  difficult,  however,  the  relaxation  time  may  be  estimated  frcm  the  time 
constant  for  thermal  equilibrium.  For  this  purpose  the  temperature  dependence 
of  viscosity  is  neglected,  a good  approximation  only  at  low  rates  of  shear. 

The  heat  flow  eqviation  in  this  case  becomes 


(11)^ 
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